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INTRODUCTION 
Background 
Since passage in 1972 of the Water Pollution Control Act 
Amendments (PL 92-500), billions of dollars have been spent 
in planning, designing, constructing, and operating municipal 
wastewater treatment plants. During the 1970s federal 
funding for such facilities often seemed to be limited only 
by the speed with which regulatory agencies could process 
grant applications and engineers could provide the required 
services. Strict standards and design requirements were 
implemented and efforts were made to design and build 
facilities that could meet those standards under all 
conditions. The program's emphasis on meeting effluent 
standards and the high liability for the designers and local 
governments when standards are violated has often necessarily 
resulted in conservative and expensive design. Now, with 
federal and state grant funds diminishing, local governments 
are having to bear a much greater burden in financing the 
construction of treatment facilities. This comes at a time 
when local governments are already finding their own finances 
strained from many other demands. This pressure on local 
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governments accentuates the need for wastewater treatment 
facilities that are less expensive but which continue to 
offer protection to the environment and public health. Split 
treatment under peak flow conditions, a design possibility 
which will be described in a later section, may offer an 
opportunity to reduce the cost of wastewater treatment. 
In wastewater treatment there are many vagarious 
conditions with which designers and operators must contend. 
One of these is the nature and amount of the wastewater 
itself. From the design standpoint, judgments must first be 
made regarding which flow rates are important in establishing 
the basis for sizing each process or piece of equipment. 
Then, flow patterns must be analyzed and estimates and 
projections made of the pertinent flows. Plows can vary 
greatly and it is the peak flows that are particularly 
difficult to accommodate. Even though a plant does not 
experience hydraulic limitations, excessive flow can have a 
significant and sometimes drastic effect on treatment 
performance. 
Recent design practice offers two possible approaches 
for coping with the peak flow situation. Sometimes, the flow 
variations are smoothed out by incorporating equalization 
basins in the treatment flow scheme. Peak flows are simply 
stored in basins until such time as influent flows subside 
and process capacity is again available. More often, the 
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design approach is to size each process so it will not be 
overloaded at some predetermined "maximum" peak flow rate. 
When facilities are designed to function well under peak 
conditions, which occur only a small percentage of the time, 
then they are oversized for most of their operating time. 
The oversizing of facilities means increased construction 
costs as well as increased operation and maintenance costs. 
While equalization reduces the need for oversizing, it too 
entails costs of construction and operation. Also, there may 
be other limitations on use of flow equalization, such as 
restricted space for locating the facility or excessively 
large volumes of water that would have to be stored. 
It has been said that an engineer is an individual who 
can accomplish for one dollar what anyone can do for two. 
Thus, in the spirit of engineering, we might ask: Is there a 
less expensive way to deal with peak flow conditions? Those 
familiar with the EPA Construction Grants Program will 
recognize this as a search for a more "cost-effective 
alternative." 
An alternative approach involves split treatment of the 
wastewater during certain critical high flow conditions. 
Hydraulic loadings to unit processes would be restricted to 
permit optimum performance of those processes. Excess flow 
would be diverted to other treatment facilities less subject 
to flow-related performance variations, while the split 
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treatment effluent quality might be less than that obtained 
from normal secondary treatment, a major benefit would be the 
preservation of optimum performance of the processes in the 
conventional train, especially biological processes that 
recover slowly from upsets. 
Historical Perspective 
Metcalf and Eddy (1914) discussed the development of 
sewers in the United States. The first sewers were built for 
storm water drainage, not sanitary sewage. As public health 
became more of a concern in the mid-1800s, households and 
businesses were permitted to connect to existing storm 
sewers. Thus was conceived the combined sewer—that serving 
both for storm drainage and for sanitary sewage collection. 
The apparent success of the first combined sewers lead to the 
practice of designing sewers for this dual purpose. The 
separate system for sanitary sewage was also being studied by 
American engineers at this time and was sometimes adopted on 
economic grounds as well as for sanitation benefits. The 
advantages of both systems were argued and construction of 
both types of systems was common. By the 1940s the trend was 
toward the use of separate sewers (Babbitt, 1947). Yet many 
combined systems have been built and remain in use. 
During the late 1800s and early 1900s treatment of 
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sewage came to be viewed as an important factor in 
maintaining public health. Yet the degree of treatment 
expected was not nearly what we have come to expect today. 
As noted by Metcalf and Eddy (1916, p. 198): 
It is also of fundamental importance to understand 
that sewage need not be brought to the same degree 
of purification under all conditions. Obviously, 
small quantities of raw sewage may be discharged 
with impunity into many bodies of water, and in a 
general way the need of treatment and the degree of 
purification required increase with the increase of 
the proportion of sewage to diluting water. 
With increased interest in treating wastewater came the 
realization that it was not economically feasible to build 
plants large enough to accommodate the total flow from 
combined sewers. This, in fact, was one of the incentives 
for constructing separate sewers. Bypassing of peak flows 
was adopted, not only for combined sewage, but for separate 
sanitary sewage as well. 
Bypassing of peak flows was a commonly accepted practice 
prior to 1972. In fact, Imhoff and Pair (1940, p.. 14) , in 
their textbook on sewage treatment, state that; 
Treatment works, unlike collecting works, are not 
designed for maximum rates of sewage flow, but for 
average rates. In the United States, the 24-hour 
mean is employed as a rule; but some consideration 
should be given both to variation in flow and 
pollutional load in order to arrive at a more 
representative average. 
Bypassing became a logical consequence during peak 
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flows. However, indiscriminate bypassing was not encouraged, 
as is illustrated by this statement from Babbitt and Baumann 
(1958, p. 692); 
A bypass should be used only when equipment to 
be bypassed, or the entire plant, cannot discharge 
a satisfactory effluent. If the rate of flow 
through a plant becomes too great, or other danger 
impends, the bypass may be properly opened. 
Conditions permitting the opening of a bypass under 
normal operation may be based on previous tests and 
experience. 
The passage of the Water Pollution Control Act 
Amendments in 1972 altered the traditional approach to 
wastewater treatment design. Two points of particular 
interest here are the program's emphasis on flow reduction 
and the elimination of bypassing. 
In the Construction Grants Program created by PL 92-500, 
there has been much more emphasis than traditionally found on 
reduction of flows in sanitary sewers through extensive study 
(Infiltration/Inflow Analyses and Sewer System Evaluation 
Surveys) and sewer rehabilitation programs. The program 
objective has been to identify the sources and quantities of 
infiltration and inflow and then to remove that flow which 
cannot be cost-effectively treated. While the objective is 
noble enough, the success at correcting infiltration/inflow 
problems has been disappointing (Association of Metropolitan 
Sewerage Agencies, 1982). Under the program, plants have 
been built on the basis of certain design flows while 
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assuming elimination of a large amount of 
infiltration/inflow, only to experience excessive flows upon 
completion because the flow reduction efforts were 
unsuccessful. 
The other situation, elimination of bypassing, has been 
implemented through the National Pollutant Discharge 
Elimination System (NPDES). Many NPDES permits contain 
language essentially prohibiting bypassing. Typical wording 
in such permits reads: 
Any diversion from or bypass of facilities 
necessary to maintain conpliance with the terms and 
conditions of this permit is prohibited, except (i) 
where unavoidable to prevent loss of life or severe 
property damage, or (ii) where excessive storm 
drainage or runoff would damage any facilities 
necessary for compliance with the effluent 
limitations and prohibitions of this permit. The 
permittee shall promptly notify the Regional 
Administrator and the State in writing of each such 
diversion or bypass. 
As a result, engineers now must decide how to accommodate 
"all flows", peaks as well as averages? and they are finding 
that the flows are even more difficult to project because of 
the unpredictable effectiveness of infiltration/inflow 
removal efforts. 
Experiences in Peak Plow Split Treatment 
The concept of split treatment during peak flows is not 
new but originated with combined sewers. Metcalf and Eddy 
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(1914) noted that, prior to their writing, the local 
Government Board of England required combined sewage flow up 
to 3 times the dry weather flow to be treated like domestic 
sewage and 6 additional dilutions to be passed through 
standby storm filters of gravel or broken stone. The 
requirement was later judged as being too rigid and the stone 
filter treatment was considered ineffective. 
Interest in the treatment of combined sewer overflows 
(CSO) has increased a great deal in the last 15 years and 
there has been much research regarding that situation. While 
CSO treatment is a form of peak flow split treatment, it is 
the intent of this work to focus on a narrower aspect of the 
subject as it relates to separate sanitary sewers —although 
some of the CSO research is of value in considering peak flow 
split treatment of sanitary wastewater. 
Judging from the lack of reported experiences in the 
literature, one would conclude that the use of peak flow 
split treatment in sanitary systems is rare. Indeed, the 
untreated bypass has traditionally been the accepted practice 
until 1972 when efforts were shifted to treating the total 
flow in conventional flow schemes or equalizing peak flows. 
An article by Welier and Nelson (1965) described an 
experience in suburban Kansas City. The engineers were 
confronted with peak wet-weather flows of 18.5 times average 
dry-weather flows, due principally to open tile foundation 
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drains connected to the sanitary sewer. Prohibiting the 
exterior foundation drains reduced the peak flow to 9 times 
the average dry-weather flow. Conventional treatment 
facilities already existed. In order to handle the peak flow 
conditions, new facilities were constructed to provide 
primary sedimentation, skimming, and chlorination of the peak 
flows. No monitoring of effluent quality had been 
undertaken,and the effectiveness of the system was not 
reported. 
The use of a pond facility to treat secondary effluent 
and raw bypass flows at Springfield, Missouri, was reported 
by Hickman (1971). During rainfall periods, peak flows in 
the sanitary sewer system approached 80 mgd compared to a 
normal flow of 15 mgd. Although the main function of the 
pond was to polish an activated sludge effluent, for the 
period reported one-third of the flow into the pond was raw 
bypass. For the 7-month period reported, the hydraulic 
detention time in the pond averaged about 39 hours. The pond 
was effective in removing 65 percent and 68 percent, 
respectively, of the BOD and suspended solids load delivered 
to it. Average effluent BOD and suspended solids 
concentrations were 30 mg/1 and 26 mg/1, respectively. 
Although they made no specific efforts to investigate 
peak flow split treatment. Young et al. (1978) mentioned the 
concept in a paper discussing peaking factors for use in 
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design. They suggested that the split treatment concept 
could have merit and should be given consideration. 
Nute (1980b) reported on part of the wastewater 
facilities planning effort for Marin County, California. 
Some Marin County sanitary systems experienced 
infiltration/inflow problems, with peak wet-weather flows 10 
times higher than average dry-weather flow. As part of the 
planning process, the following treatment strategy was 
proposed; 
• all influent flow would pass through primary 
sedimentation, 
• secondary treatment would be provided for flow up to 
twice the dry-weather flow rate, and 
• excess flows would be chemically treated, filtered or 
subjected to carbon adsorption as necessary so the 
combined effluent could meet the BOD and suspended 
solids standards. 
A cost-effectiveness analysis resulted in a recommendation 
that treatment be provided to permit achieving secondary 
treatment concentration limits for wet-weather flows not 
exceeding a 2-year return frequency. The state agency 
accepted this approach but U.S. EPA did not, and the plant 
was to be built to meet secondary treatment requirements at 
all times. Nute pointed out the seeming inconsistency of 
federal regulations which require secondary treatment of all 
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flows, even those related to rainfall events, in separate 
sanitary sewers while exempting flows in combined sewers. 
Noland and Mather (1981) discussed a split treatment 
concept used at the Painesville, Ohio advanced wastewater 
treatment plant which serves a partially combined sewer 
system. Rather than provide special facilities for the 
treatment of excess flows, they proposed splitting the flows 
among the several stages of treatment at the plant. Excess 
flow is bypassed around the primary tanks and is recombined 
with primary effluent. Then the excess flow that cannot be 
handled by the first stage activated sludge system is 
bypassed around that stage and recombined with the activated 
sludge effluent. At that point the split is made again 
around the nitrification stage, and again around the tertiary 
filters. In this way the plant was able to give some 
treatment to flow five times its normal design flow. 
Alternatively the plant could be operated with bypass direct 
to the plant effluent or with the primary bypass going to the 
secondary treatment units and the primary effluent 
discharged. Estimates of effluent BOD and suspended solids 
for the first situation described were given as 25 and 80 
mg/1, respectively, for the second situation, 53 and 128 
mg/1, and 65 and 245 mg/1 for the third situation. Because 
only extra piping, valving and instrumentation was required 
to achieve this flexibility, the increased construction cost 
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amounted to less than one percent. 
Split treatment of combined sewer overflow at Rochester, 
New York, was reported by Murphy et al. (1981). Here again 
no special facilities were used to treat excess flows, but 
rather flows were split between existing process units to 
extend the overall process capacity by 50 percent. The 
concept consisted of providing conventional primary and 
secondary treatment to flows up to 100 mgd and providing 
chemical addition and primary treatment to flows in excess of 
that amount. Before implementing the split treatment on a 
full scale basis, regression models of the performance of the 
various unit processes were developed. This permitted 
evaluation of various modes of operation and the prediction 
that the split flow mode of treatment could actually perform 
better than the conventional mode under high flow conditions. 
After a full scale evaluation phase, it was concluded that 
under a split flow of 25-30 percent, effluent BOD 
concentrations of 20-25 mg/1 could be attained when flows 
averaged 150 percent of the rated process design capacity. 
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OBJECTIVES AND PROCEDURES 
Objectives 
While split treatment has been used with combined sewer 
systems and occasionally with sanitary sewers in the past, it 
is not clear whether the concept has any potential for broad 
scale application for treatment of wastewater from sanitary 
sewer systems under today's technological and regulatory 
constraints. Therefore, it is the objective of this work to 
evaluate the peak flow split treatment concept: 
1. to determine appropriate system structure, 
2. to define better design criteria, 
3. to identify potential performance, 
4. to determine under what conditions the concept might 
be applicable, and 
5. to determine if there are potential cost savings 
associated with the concept. 
Study Approach 
Considerable information already exists on treatment of 
combined sewer overflows, which is actually a form of split 
treatment applied to combined sewer systems. However, there 
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has been little attention previously directed at split 
treatment of flows originating solely from sanitary sewer 
systems. Therefore, the focus of this work will be on the 
split treatment of flows from separate sanitary sewer 
systems. 
While a great deal could be gained from pilot and 
full-scale operational studies of peak flow split treatment 
processes for sanitary wastes, such investigations would be 
costly and perhaps a bit premature. First, a desk-top 
evaluation of the feasibility of the concept would be 
helpful. In that vein, this work attempts to probe that 
question of feasibility from several directions, drawing on 
previous research related to but not always directly aimed at 
this subject. 
The approach will be to identify and describe the major 
facets of the problem. There are a number of interrelated 
elements each with associated technological, economic, and 
administrative constraints that must be distinguished and 
considered. 
Next, the key elements will be examined in more detail 
in an attempt to quantify, where possible, the various 
constraints and limitations. Since this effort represents 
only an initial step at formalizing and characterizing the 
split treatment concept, every intricacy cannot be pursued. 
Instead, emphasis is placed on developing the conceptual 
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details of several split treatment schemes. As a part of the 
development, costs and treatment performance are assessed as 
a means of judging the potential feasibility of the schemes. 
Finally, the split treatment concept is applied in a 
case study involving Ames, Iowa. The purpose of this effort 
is to demonstrate evaluation procedures as well as to provide 
the framework of an actual experience in which split 
treatment feasibility can be judged. 
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EXAMINATION OF SPLIT TREATMENT OBJECTIVES AND CONSTRAINTS 
A Systems View 
As a starting point in developing an analysis of the 
split treatment concept, it is appropriate to identify and 
consider the major factors which bear upon the matter. As a 
way of organizing these factors, one might adopt a systems 
viewpoint. A system may be defined as an organization of 
components that transform inputs to outputs to attain an 
objective. 
A prerequisite to discussions regarding any given system 
is definition of the system boundaries. Toebes (1969) noted 
that natural resource problems can be analyzed by considering 
the physical system as the starting point, since man 
interacts with physical resources by way of physical devices, 
structures, and operating procedures. He pointed out that 
there is a hierarchy of systems. The physical system 
interacts most with an economic system; the physical/economic 
system interacts with the political system, and surrounding 
all of these is an ecological system. Using this framework, 
wastewater management may be viewed as illustrated in Figure 
1. 
Toebes also stated that excessive attention to a system 
component, which is itself a system, changes the boundary of 
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Figure 1. Diagram of a generalized wastewater management 
system 
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the system. If attention is focused more on the physical 
structures, then a somewhat different system diagram results 
(Figure 2). For this more detailed look at the treatment 
system, the system boundary will envelop only those 
structural facilities and operating procedures used in 
treating the wastewater flow. Other aspects can be 
considered as external to the system as part of its 
environment. Generally, the system can be seen to consist of 
physical facilities and operating decisions. The inputs to 
the system are the material and human resources needed to 
construct, operate, and maintain the system; the untreated 
wastewater flow; governmental legislation and regulations; 
and cost functions. The output is, of course, the treated 
effluent, the quality of which is measured by various 
physical, chemical, and biological tests. These tests aid in 
determining how effective the system is in carrying put its 
intended transformation function, that is, attaining its 
objective. 
The system objective of wastewater treatment from a 
design and operation viewpoint is to minimize the cost of 
producing an effluent quality which meets standards 
(constraints) established through the political and 
regulatory processes. The split treatment concept embraces 
the same objective; it simply represents an alternative 
arrangement of sub-systems (physical facilities and operating 
policies) . 
19 
SYSTEM 
ENVIRONMENT 
TREATMENT 
SYSTEM 
RAW 
WASTEWATER 
TREATMENT 
STRUCTURES & 
E()UIPMENT 
TREATED 
EFFLUENT 
f 
COST 
FUNCTIONS 
OPERATING 
PROCEDURES 
MATERIAL 
EFFLUENT 
STANDARDS PERSONNEL 
Figure 2. System diagram of a wastewater treatment facility 
(see Figure 1) 
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Therefore, by looking at various elements of the system 
and its environment, one can begin to untangle the 
significant factors that determine the feasibility of split 
treatment. The factors are seen to include: 
a) characteristics of the influent wastewater stream, 
b) the types of treatment available for peak flows, 
c) the arrangement of sub-systems involving split 
treatment, 
d) the transformation functions of both conventional and 
split treatment processes, 
e) cost functions associated with the individual 
sub-systems, and 
f) effluent quality constraints. 
These are examined in detail below. 
Flow Conditions 
Influent wastewater flow rate is an obvious and 
fundamental parameter in the planning, design, and operation 
of wastewater treatment plants. Process units and piping are 
sized according to expected flows. Plow is perhaps the most 
common criterion by which treatment plant size is measured 
and expressed. Parametric treatment cost estimates are 
usually expressed as a function of plant flow. Flow rate 
through a plant is easily monitored and constitutes one of 
the key pieces of data recorded by operators. Yet in spite 
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of its basic character, use of influent flow as a design and 
operating factor is far from simple. 
The complications arise because of flow variability. 
There is no single flow rate for which a wastewater treatment 
plant is designed. Each individual unit process or plant 
element may respond differently as a function of flow. It is 
not uncommon for the design engineer to estimate process 
performance at several different expected flow conditions to 
determine the most critical situation which must be met. And 
predicting the expected flow conditions can sometimes be the 
most difficult part of design. Similarly, flow variations 
usually complicate plant operation because raw wastewater 
flow is not constant. The plant operators are often 
confronted with a number of control procedures that must be 
initiated in response to flow changes. 
Flow components and variations 
Two types of sewer systems may be found in sewered 
communities—separate sewers and combined sewers. In 
communities with separate systems, the storm sewer network is 
designed to provide the desired level of urban storm drainage 
while the sanitary sewer is intended primarily for 
wastewater, both domestic and industrial. Residential, 
commercial, institutional and recreational contributors are 
the source for what is usually termed domestic wastewater. 
Industrial wastewater originates from industrial 
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contributors. 
In addition to the domestic and industrial wastewater in 
a sanitary sewer system, a component termed "infiltration and 
inflow" can often be identified. Infiltration is essentially 
groundwater that enters through system leaks such as joints, 
pipe cracks and service connections. Inflow, on the other 
hand, is defined as water entering the system from direct 
connections such as foundation drains, roof downspouts, 
manhole lids, and storm sewer cross-connections. 
In communities with combined sewers, a single sewer 
system is provided to handle both wastewater and storm 
runoff. A common feature of combined sewer systems is one or 
more overflows within the system where flow in excess of 
available treatment capacity is diverted to storage or 
directly to a stream. 
The nature of the sewer system has a marked effect on 
the variations of wastewater flows. Generally, the larger 
the system, the less variation there tends to be. Systems in 
which infiltration constitutes a significant fraction of the 
total flow also experience less rapid variation in flow. The 
infiltration component, which tends to vary slowly, masks 
many of the variations occurring in the domestic wastewater 
component. In those systems where inflow is significant, 
variations in flow rates can be very large and are directly 
related to wet-weather conditions. 
Flow variations may be thought of as short-term. 
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seasonal, and long-term variations. The long term changes in 
flow rates are usually associated with growth of the 
contributing population over the design period of the 
wastewater facilities. The speed at which the growth is 
expected to occur may influence the selection of the design 
period. 
Seasonal variations are common in communities that have 
population shifts during the year, such as those with resorts 
or colleges. Seasonal industrial production, such as in the 
vegetable processing industry, can also cause the 
intermediate-term variations in wastewater flow. And finally 
infiltration and inflow, which is induced during wet weather, 
is also a significant cause of seasonal variations. 
Short-term variations are the hourly or daily variations 
that are experienced within a system. Daily flow variations 
due to domestic activity used to be much more significant 
than today. When the majority of people did laundry on the 
same day of the week, typically on Monday, wastewater flow 
increases were noticeable. Today, daily variations are more 
frequently related to industrial and recreational activity 
and to infiltration and inflow. On the other hand, hourly 
variations, called diurnal variations, are most significantly 
related to domestic user activity. Quite typically, the flow 
varies from a low in the early morning hours when activity is 
minimal to a high during the mid- to late-morning period. 
Usually there is a secondary peak during the early evening 
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hours. 
In the planning and design of wastewater facilities 
there is an obvious need, dictated by economics, to 
anticipate the approximate quantity of flow for which the 
facilities are being constructed. The average flow may be 
determined in one of several ways. The flow may be actually 
monitored and the data subsequently analyzed to determine the 
average flow. In lieu of measuring the flow, estimates are 
sometimes made by applying typical unit contribution factors, 
such as flow per person, per acre, or per plumbing fixture, 
that have been derived from other existing systems. 
Similarly, peak flows can be determined from actual flow 
measurements or extrapolation of flow data for a specific 
system or by applying peaking factors developed from other 
systems. 
In a report by Roy F. Weston, Inc. (1981) , peaking 
factor definitions are established which help avoid the 
ambiguity found in many discussions on flow variations. A 
peaking factor is a ratio of peak flow to average flow, where 
both flows are expressed in the same units. Four aspects 
must be considered in fully describing the peak flow—(1) 
peaking duration, the unit of time in which the peak is being 
measured, (2) peaking period, the time interval over which 
the peak duration is being conqposed, (3) sample time period, 
the time interval from which the data for determining the 
peak are obtained, and (4) the sample analysis, the type of 
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statistic (maximum, average, or minimum) being used. 
As an example, the "average peak day flow per month per 
12-month period" is found when the peak day flow per month is 
averaged over 12 months. Here "average" represents the 
sample analysis, "day" represents the peaking duration, 
"month" represents the peaking period, and "12-month" 
represents the sample time period. Usually the peaking 
factor is expressed relative to the annual average daily 
flow, in which case it is referred to as the annual peaking 
factor. For those situations where the sample period is less 
than a year, the peaking factor is referred to as the sample 
peaking factor. 
Traditionally, it has been common to apply a general 
peaking factor to a known average flow to arrive at a peak 
design flow. However, since the passage of PL 92-500, for 
wastewater treatment plant design more emphasis has been 
directed toward collecting flow data from the contributing 
collection system, especially in order to quantify 
infiltration and inflow. One of the provisions of the Act 
requires that communities receiving federal grants for the 
construction of treatment works eliminate excessive 
infiltration and inflow, that is, infiltration and inflow 
that is more cost-effective to remove than to treat. The 
cost of performing the infiltration/inflow analysis and 
subsequent sewer system evaluation survey may well be the 
most costly portion of the total facilities planning effort. 
26 
The establishment of flow variation relationships has 
been important in the design of sewers and treatment plants. 
Much of the early interest in determining maximum wastewater 
flows was applied to the area of sewer design. The WPCP 
Manual of Practice No. 9 (Water Pollution Control Federation, 
1970) summarizes much of the information developed on the 
subject beginning as early as 1914 and extending through 
1962. The approach taken by many of the investigators has 
been to relate peak flows as a proportion of average flow as 
a function of contributing population. Others expressed 
peaking factors as a function of average flow. A 1945 review 
(Gifft, 1945) of prior works in the area concluded that the 
ratio of peak-to-average flow could be estimated by 5/P^/®, 
where P is the population in thousands. Gifft noted, 
however, that industrial wastes and abnormal infiltration 
were to be considered separately. 
The data summarized in the WPCF Manual span a fairly 
wide range. For example, for a population of 100,000, the 
data indicate a peak flow of 200 to 270 percent of average 
flow. At a population of 10,000, the peak flow would be 290 
to 400 percent of average, and at a population of 1,000, the 
peak flow is shown as 390 to 550 percent of average. 
More recently, Young et al. (1978) have reported on an 
investigation of wastewater flow and load variations at Ames, 
Iowa. Analyzing 19 years of records, they found that the 
ratio of peak day to average annual flow averaged 1.9 but was 
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as high as 3.14 under extreme wet-weather conditions. Peak 
month to annual average flows were found to average 1.35 with 
a high of 1.8. Young et al. reported that an analysis of 
diurnal flow patterns showed that the peak hourly flow 
occurred around 2 P.M. for the 1974 data, having shifted from 
a 10 A.M. occurrence in 1956 when the system was smaller. 
Also, the diurnal variation had decreased. The ratio of the 
average peak 4-hour flow to average annual flow was 1.24. 
They suggested that the annual peak 4-hour flow could be 
estimated by multiplying the average annual flow times the 
peak month to average factor and the peak 4-hour to average 
factor, recognizing that under extreme wet-weather conditions 
this rate could be exceeded appreciably. The average peak 
4-hour flow was shown to conform to the relationship 
QP = QA(5/pO"2) , 
where QP is the peak 4-hour flow, QA is the average flow, and 
P is the population is thousands. 
Munskgaard and Young (1980) investigated the peak flow 
and load conditions occurring at 11 wastewater treatment 
plants. All systems had separate sanitary and storm sewers. 
Daily flow records existed for periods ranging from 2 to 10 
years. Equations relating flow peaks to average annual flow 
were given as follows; 
average peak month flow=1.26 q0-990 
extreme peak month flow= 1.65 qO-949 
average peak day flow= 1.96 qO-964 
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extreme peak day flow= 3.12 q0'914 
where Q is the average annual flow in mgd. They noted that 
the data used in the analysis may not have included the 
actual maximum flows due to limitations in plant flow 
metering equipment. 
The U.S. Environmental Protection Agency recently 
sponsored a study of diurnal flow variations at municipal 
wastewater treatment plants (Roy F. Weston, Inc., 1981). The 
study of 39 collection systems concluded that the factors 
having the most impact on average hourly peaking factors were 
(a) proportion of flow contributed by industries, (b) average 
age of the collection system, (c) depth to groundwater and 
(d) low-lift pre-plant pump stations. The mean average 
hourly peak flow, excluding inflow, was found to be 1.23 
times the annual average daily flow for non-industrial 
systems, and system flow rate had no significant influence on 
this value. However, as the size of the system and the flow 
rate increased, variations about the mean decreased, implying 
that the mean flow estimate is more reliable for larger 
systems. In industrially-dominated systems (where more than 
40 percent of the total flow was from industries or 
institutions), the mean average hourly peaking factor was 
found to be 1.39, increasing to 1.59 during seasonal 
industrial activity. Based on 20 days of data, the mean 
maximum hourly peaking factor was 1.70 for 
non-industrially-dominated systems with a high of 2.82. Peak 
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hourly flow occurred between 10 A.M. and 4 P.M. for 
non-industrial systems compared to 10 A.M. to 2 P.M. for 
industrially-dominated systems. It was also reported that 
non-industrial systems older than 25 years with a high 
groundwater table experienced more infiltration and had 
higher peaking factors in the wet season. 
Design flows 
Design flow criteria are not well-developed. While the 
notion is generally accepted that flow variation can impact 
treatment process performance and thus should be accounted 
for in design, there have been few definite proposals for how 
this should be done. Traditionally, many plants have been 
designed on the basis of annual average flow. While this was 
perhaps adequate for many situations prior to passage of the 
Water Pollution Control Act, tougher effluent limitations 
have enhanced the need to consider flow variations. Another 
version of this practice has been the application of excess 
capacity factors; for exairple, determining the area of a 
clarifier based on average flow and then multiplying that 
area by a factor of 1.4 to arrive at the final design area 
(Eckenfelder, 1972) . 
The ASCE Manual of Practice No. 36 (American Society of 
Civil Engineers, 1977) points out that several flow rates are 
used for the design of different aspects of a treatment 
plant. Average daily flow is recommended for use in 
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estimating operating costs, organic loads and sludge 
production. The design average flow is defined as the 
average flow occurring during some significant period when 
flows are higher, such as 4, 8, 12, or 16 hours. The manual 
suggests that selection of the design average flow will 
depend on individual circumstances but offers no further 
suggestions for selection. It also states that the design 
average load should be used to determine mass loads to 
treatment units and that the sizing of hydraulic elements 
should be based on the peak design flow, which is usually 2 
to 2.25 times the design average flow rate. 
Metcalf and Eddy, Inc. (1979) suggests that the 
treatment plant designer must consider not only the peak flow 
but also the sustained average peak flow for various 
durations. However, the specific application of the 
sustained flows in design apparently is left for the engineer 
to determine. 
The Great Lakes - Upper Mississippi River Board of State 
Sanitary Engineers (1978) suggests using at least one year of 
flow data as the basis for determining the annual average 
daily flow, the minimum daily flow, the wet-weather peak flow 
(24-hour), wet-weather flow of 7-day duration, peak hourly 
flow, and industrial flows. How to utilize these flows in 
design is addressed only by the statement that the plant 
design flow selected should meet the appropriate effluent and 
water quality standards. The guide also notes that the shock 
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effects of short-term peaks should also be considered. For 
certain processes, such as clarification, chlorination, and 
filtration, specific criteria are given based on peak hourly 
flow. 
Young et al. (1978) suggest that plants be designed to 
perform satisfactorily under peak flow and load conditions of 
an established duration and frequency. Specific 
recommendations for flows include using extreme peak 
hydraulic flow rates for sizing preliminary units, peak 
4-hour flow for sizing primary clarifiers, and extreme peak 
flow for sizing final clarifiers. 
Peak flows for split treatment design 
It is recognized that consideration of peak flows is 
important in design of wastewater plants, but there may 
actually be several different peak flows that must be 
considered. In any case, there are three aspects of flow 
conditions which are significant in peak flow treatment; 
namely, the magnitude, duration and frequency of the peak 
flow in question. Definition of the critical flow condition 
for any given treatment process will depend upon the . 
interaction of these three factors. 
The frequency of a peak flow may be described as how 
often a flow of a given magnitude and duration occurs or is 
expected to occur in a certain length of time. The 
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importance of peaking frequency in wastewater treatment stems 
from its influence on the long-term performance of a system. 
If a plant performs poorly at a certain peak flow, the 
long-term performance would be considerably worse if that 
flow occurred once per month than if it occurred only once a 
year. 
Attempts have been made to quantify the recurrence 
period of peak flows at various facilities using hydrologie 
analysis techniques (Nute, 1980b and Munksgaard and Young, 
1980); however, usually the period of record is relatively 
short and reliable definition of annual peaks is difficult. 
If the analysis is done for monthly or weekly peaks, better 
estimates of recurrence interval could be expected because of 
the longer record of data relative to the time period 
considered. 
In the development of any peak flow split treatment 
scheme, one must attempt to balance opposing objectives with 
regard to frequency of use. Two factors are important here. 
First, lower frequency occurrences are associated with 
greater magnitude flows. Second, the split treatment process 
may provide a level of treatment less than that attained by 
conventional treatment at normal flows. Therefore, one would 
strive to select a design flow for the conventional treatment 
train which would permit substantial reduction in 
conventional process sizes and, at the same time, did not 
occur so frequently that long-term effluent quality would be 
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adversely impacted because of the lower level of treatment by 
the split treatment process. 
The duration of a peak flow will combine with the 
magnitude factor to determine how a particular peak affects a 
treatment process. Very large magnitude, short duration 
flows may not be as detrimental as lower magnitude, long 
duration flows. For example, a high magnitude, short 
duration (several hours) peak flow through an activated 
sludge system would tend to translocate solids from the 
aeration basin to the clarifier at a rapid rate. Assuming 
the clarifier is not hydraulically overloaded, this would not 
constitute a major problem. A smaller flow of longer 
duration might also translocate solids, but at a slower 
rate. However, if the transfer of solids continues long 
enough, the solids storage capacity of the clarifier would 
become exhausted, resulting in a loss of biomass from the 
system and subsequent reduction in process capability. 
Therefore, the selection of the design flow for split 
treatment must consider not only peak flow magnitude but peak 
flow duration as well. However, high magnitude, short 
duration peaks are not the main concern of this work. Such 
peak flows can cause serious performance problems; however, 
they can be dealt with effectively using flow equalisation. 
It is the longer duration peak flows—those of one day or 
more duration—that can be addressed best by split treatment 
methods. Flow equalization is generally not used for these 
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long duration peaks due to economic considerations. 
Ongerth (1979), in a study of flow equalization, 
concluded that for a wastewater treatment facility providing 
secondary treatment by activated sludge, flow equalization 
was cost effective for 1-mgd, 3-ragd, and 10-mgd plants when 
the peak to average flow ratio reached or exceeded 2.5, 2.0, 
and 1.4, respectively. For more sophisticated plants 
providing advanced wastewater treatment, equalization 
appeared cost effective at even lower peaking ratios. The 
required sizes of equalization basins were assumed to range 
from 9 to 29 percent of the average daily flow, and operating 
costs were based on using the equalization facilities 12 
hours per day. Thus, it may be inferred that the analysis 
focused only on short duration peaks such as those occurring 
as diurnal variations. 
Several studies document the occurrence of large peak 
flows that last for longer periods than just a few hours. 
Munksgaard and Young (1980) found peak flows of one day 
duration exceeding three times the average annual flow. A 
study by Winnike and Tchobanoglous (1979) examined the 
question of duration of peak flows and their frequency of 
occurrence. Drawing on only a single year of data from 44 
treatment plants, they found that the average peak loading 
ratios were approximately 2.7 for a 1-day duration decreasing 
to 1.6 for a 10-day duration. Since these values were based 
on data averaged for the 44 plants, some plants obviously had 
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greater peak loading ratios. Furthermore, for years in which 
more precipitation is received, the peaking ratios would 
undoubtedly be even higher. 
Based only on this sprinkling of information, the 
potential for occurrence of high magnitude, long duration 
flows is easily recognized. These are the peak flow 
conditions which will be the primary subject of attention in 
this work. 
Types of Split Treatment Methods 
The treatment of wastewater is accomplished using 
physical, chemical and biological methods. Many different 
processes exist within each of these categories, and each 
process has its own set of performance and economic 
constraints. 
Increased interest in non-point source pollution control 
in the past 15 years has lead to much research activity 
directed at investigating the applicability of various 
wastewater treatment processes for treating urban runoff. 
Urban runoff flows differ from normal municipal wastewater 
flows in that the runoff flows are typically high rate, short 
duration flows. Therefore, the treatment processes normally 
used for municipal wastewater treatment may not necessarily 
be suited for treatment of these peak runoff flows, at least 
not without some modification to account for the peaking 
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nature of the flow. 
As one turns to the question of dealing with peak 
municipal wastewater flows (those arising in separate 
sanitary sewers), it seems logical to consider those systems 
developed for peaking treatment of urban runoff. Reviews of 
the state of the art of urban runoff and combined sewer 
overflow treatment have been presented by others (U.S. 
Environmental Protection Agency, April, 1978; and 
Hydroscience, Inc., 1976). A very brief summary of that 
information is included here to provide an overview of the 
various alternatives available. From this base, one can 
begin to consider which of these methods can be applied best 
to treatment of municipal wastewater peak flows. 
The most common methods discussed for urban runoff 
treatment include: 
# sedimentation. 
« dissolved air flotation. 
• screening, 
# filtration. 
• swirl and helical separators. 
• coagulation and flocculation. 
• disinfection. 
• high gradient magnetic separation 
• carbon adsorption, and 
• biological treatment. 
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Sedimentation 
Sedimentation is used to separate suspended solids from 
water by gravitational settling. Its use in urban runoff 
treatment has been adapted from wastewater treatment. The 
effectiveness of solids removal will depend on the sizes and 
specific gravities of the particles in the water, the 
viscosity of the water, which is affected by temperature, and 
the rate of flow through a given size clarifier. Organic 
pollutants, as measured by BOD, may also be removed to 
significant degrees when they are associated with the 
suspended solids. BOD in colloidal or dissolved form will 
not be appreciably affected. 
Sedimentation is amenable to chemical addition of 
polymers, lime, and mineral salts (alum and ferric) and is 
often an integral part of coagulation/flocculation treatment 
schemes. The process is a simple and commonly used one with 
low energy requirements. Pollutant removal efficiency is 
particularly affected by surface overflow rate (throughput 
divided by horizontal surface area). When the clarifiers are 
sized to limit the overflow rate to acceptable levels, large 
space requirements result. Also, when the process is used 
only intermittently, manual cleanings may be required between 
use. 
Dissolved air flotation 
Dissolved air flotation attains suspended solids removal 
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by dispersing tiny air bubbles in the water, capturing the 
particulates on the air bubbles as they rise through the 
water. The solids floated to the surface in this way are 
removed by mechanical skimmers. This method removes solids 
more quickly and completely than does simple sedimentation. 
Chemicals may also be used to improve removal performance. 
As with sedimentation though, soluble BOD is not effectively 
removed. 
The advantages of this system include reliable high rate 
intermittent operation, smaller unit sizes and land 
requirements than for sedimentation, and moderate capital 
costs. High energy needs, high operating costs, and the need 
for skillful operation are disadvantages. 
Screening 
Screening effects solids removal from water by physical 
straining. The size of openings in the screening fabric or 
medium will determine the size of particles that will be 
removed. Screening categories based on decreasing screen 
size are coarse screens, fine screens, and microscreens. 
Coarse screens are intended to remove only gross solids 
from water that may interfere with subsequent equipment such 
as pumps. Typically, one-inch bar spacings would be used for 
these screens. 
At the other end of the scale would be microscreens with 
typical fabric openings of 20 to 35 microns. Suspended solids 
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removals may range from 20 to 90 percent, depending on the 
influent suspended solids concentration. Suspended BOD may 
be similarly removed, but soluble BOD would not be affected. 
Chemical additives may be used to improve solids removal 
performance. 
Fine screens, with screen openings of 0.1 to .8 mm, 
serve primarily as pretreatment devices preceding other 
processes. Suspended solids and BOD removals may be as high 
as 30 percent and 15 percent, respectively. These devices 
are found as drum screens, rotary screens, and static 
screens. 
Screens are well-suited to highly varying, intermittent 
flows. Other advantages include high suspended solids 
removals, small space requirements, and low volume, 
concentrated sludge streams. On the negative side, 
screening, especially microscreening, is subject to,plugging 
due to oil and grease buildup and biological growths. 
Mechanical failures such as fabric breaks are not uncommon. 
High flow-through velocities tend to cause floe breakup, 
decreasing chemical addition effectiveness. 
Filtration 
High rate filtration of runoff flows has been adapted 
from the filtration processes used in potable water and 
wastewater treatment. It differs somewhat, however, in that 
higher hydraulic loading rates are used, 10-40 gpm/sf 
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compared to 2-5 gpm/sf in wastewater treatment. Removal of 
suspended solids and solids-related BOD is obtained by 
adsorption as well as by physical straining on a fixed 
granular media such as sand or coal. Solids removals of 50 
to 80 percent can be achieved, with removals as high as 98 
percent when polymers are used. Frequent backwashing of the 
filter is necessary to prevent clogging. 
Advantages cited for high-rate filtration include: the 
system is well-suited to automation; the waste stream is 
small (less than 6 percent of throughput) and the sludge is 
capable of being dewatered; the system is amenable to use on 
dry-weather sanitary sewage when not being used for combined 
sewer overflows, thereby increasing the capacity of 
overloaded treatment plants; and the space requirement for 
high-rate filters is approximately 10 percent of that for 
clarifiers of the same capacity. Disadvantages are the 
moderately high energy use, the need for pretreatment to 
remove coarse solids, the potential for blinding of the 
filter media by compressible organic solids, and the relative 
lack of full-scale experience. 
Swirl and helical separators 
Swirl and helical separators use centrifugal force, 
resulting from the circular movement of flow through the 
devices,, as the driving mechanism for separation of solids 
from the carrier liquid. Two streams emanate from such a 
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device, the clarified overflow and a concentrated waste flow 
from the periphery, which may be subjected to further 
treatment. Suspended solids removals ranging from 20 to 40 
percent are typical at design overflow rates of 13,000 
gpd/ft. Compared to other solids removal methods, the 
performance of this process is relatively insensitive to flow 
variations. 
System advantages include low operation and maintenance 
costs, tolerance of varying loads, low space requirements, 
short detention times, and low energy requirements. Limited 
full-scale experience and inability to remove soluble 
pollutants are cited as disadvantages. 
Coagulation and flocculation 
Chemicals may be used to aid in the treatment of runoff 
flows. The purpose of coagulant additions such as lime, 
polyelectrolytes, and mineral salts is to increase particle 
agglomeration, thereby aiding subsequent physical treatment 
processes such as sedimentation and filtration. Significant 
improvement in BOD and suspended solids removals in these 
processes is frequently effected by chemical addition. 
Precipitation of heavy metals and phosphorus may also be 
obtained. Disadvantages of this method of treatment include 
greater volumes of waste sludge, especially with lime and 
mineral salts; high chemical costs; the need for skilled 
personnel; and higher energy costs. 
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Disinfection 
Control of pathogenic microorganisms is accomplished 
through the addition of oxidizing agents such as chlorine. 
Initial turbulent mixing followed by detention in a reaction 
basin are necessary for effective high-rate disinfection. 
Water temperature, pH, and presence of suspended matter will 
also affect disinfection performance. 
Disinfectants are usually highly corrosive to equipment 
and toxic to people. Chlorine residuals in the treated flow 
may be toxic to aquatic life in receiving streams. 
Furthermore, chlorine species may combine with other 
chemicals in the treated flow to form toxic or hazardous 
compounds. 
High gradient magnetic separation (HGMS) 
HGMS involves coagulating suspended solids onto small 
grains of magnetite added to the flow stream. Subsequently, 
the solids are removed by a high gradient magnetic field. 
The method is reportedly tolerant of large flow and quality 
variations, has relatively low capital and operating costs 
compared to physical/chemical treatment, may be used dually 
for combined sewer overflow and dry-weather wastewater 
treatment, has low land requirements, and is capable of 
achieving high BOD removals as well as nutrient and heavy 
metal removal. Unfortunately, there are no full-scale 
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facilities using this method. 
Carbon adsorption 
Carbon adsorption treatment consists of contacting the 
water to be treated with activated carbon for the purpose of 
removing soluble organic pollutants. Either powdered 
activated carbon is added to the water in a reaction basin or 
the water is passed through a fixed bed of granular activated 
carbon. A high degree of pretreatment is required, usually 
consisting of chemical coagulation and sedimentation or 
filtration. This is one of the few methods aimed at soluble 
BOD removal, and very high quality effluent can be produced. 
Full-scale applications on combined sewer overflow is 
limited. The method also suffers from higher energy needs 
and treatment costs. 
Biological treatment 
Biological treatment converts soluble and colloidal 
organic matter to biological mass which can be subsequently 
settled from the flow. Generally, biological treatment is 
not considered appropriate for storm runoff flows. 
Biological systems are very prone to upset during hydraulic 
and organic shock overloads, and active microorganism 
populations are difficult to maintain for only intermittent 
use. However, certain processes such as contact 
stabilization, trickling filters, lagoons and rotating 
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biological contactors have been investigated for use with 
combined sewer overflows. 
Although very good pollutant removals are achieved with 
biological systems, it is usually necessary to limit their 
use to those situations requiring dry-weather treatment as 
well as storm flow treatment. Furthermore, it is often 
necessary to provide flow equalization facilities preceding 
the biological systems in order to smooth out highly varying 
flows and loads. 
Process selection for split treatment 
From this review of peak treatment possibilities, one 
can compile a list of desirable features. The method 
selected for providing split treatment should: 
• have performance characteristics relatively 
insensitive to flow rate, 
• remove significant levels of pollutants, 
• be capable of intermittent operation, 
• provide potential for use in treatment of normal 
flows when not in use for peaking conditions, 
• be low cost, with low operating cost being less 
important if the system is used intermittently, 
• be simple to operate, 
• be capable of automated operation, 
• be reliable, 
• have low space requirements, 
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• produce low sludge streams, and 
• have some full-scale operating experience. 
None of the methods considered here have all of these 
characteristics. However, one system, high rate filtration, 
appears to have many of the desired features. While not 
eliminating other methods as possible candidates for split 
treatment application, the remaining portion of this work 
will focus attention on the use of high rate filtration for 
that purpose. 
Flow Schemes Using Split Treatment 
There is a great number of combinations of treatment 
processes into which split treatment might be incorporated. 
However, there are two general categories of split treatment 
arrangements. First, split treatment may be implemented 
using facilities dedicated solely to the treatment of excess 
peak flows. Within this writing, this arrangement will be 
referred to simply as separate split treatment. The second 
category consists of providing split treatment using 
facilities that are primarily used for normal flow treatment 
but through which the flow path is altered during peak flow 
conditions. This will be referred to as dual function split 
treatment. Most of the articles on split treatment cited in 
the introduction of this work pertained to some type of the 
dual function method. It is also possible that some systems 
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may involve combinations of these two methods. Examples of 
separate and dual function split treatment flow schemes are 
diagrammed in Figures 3 and 4. 
The selection of separate versus dual function split 
treatment will depend on a variety of factors including 
costs, operation and maintenance concerns, type of split 
treatment process being considered, type and extent of normal 
treatment being provided, and the type of construction being 
planned (new versus expanded facilities). These subjects are 
discussed briefly here to emphasize their primary 
significance. 
Other considerations aside, it will often be less costly 
to provide split treatment using the dual function approach 
since the facilities, or at least a portion of the 
facilities, are necessary anyway for normal flow treatment. 
This minimizes the construction and maintenance of facilities 
that may be used only occasionally. 
The maintenance of separate split treatment facilities 
may present special problems. When structures and equipment 
stand unused for long periods of time there is a tendency for 
maintenance to be neglected, resulting in more rapid 
deterioration of the facilities and less dependability that 
the system will be operative when needed. 
The ease and cost of operation may favor separate split 
treatment systems. In dual function systems, changing flow 
paths back and forth between process units, especially 
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Figure 3. Separate split treatment flow schemes 
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Figure 4. Dual function split treatment flow schemes 
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biological ones, may cause process instability and require 
skillful operation. Furthermore, variable costs, such as 
energy costs, will be higher in dual function systems, which 
are used continuously. 
The type of process to be used for split treatment will 
also be important. Biological processes would not function 
well in a separate split treatment mode because the necessary 
populations of microorganisms would die off during the 
periods between use. By the time the biological growths 
could be reestablished, the peak flow would have subsided. 
Biological treatment is, however, a viable candidate for the 
dual function mode. Treatment plants consisting of multiple, 
serial stages of biological treatment may be adapted to 
operate in a parallel mode during high flows, thereby 
providing a form of split treatment. 
The extent of treatment normally required may also have 
an impact. When facilities are to be provided for advanced 
secondary and tertiary treatment, there is usually more 
opportunity for altering flow paths, as is done in dual 
function split treatment, due to multiplicity of physical 
structu res. 
50 
Treatment Process Performance Relationships 
From a systems viewpoint, the transform relationships of 
the sub-systems are important in determining the system 
outputs. In the case of a wastewater treatment system, each 
unit process or component has some kind of performance 
function. Sometimes these functions can be expressed 
mathematically as an approximation to reality. Other times 
it may only be possible to identify key influences 
qualitatively. When the sub-system performance relationships 
are known, one may use them to formulate rules for 
structuring and sizing the sub-systems such that the system 
objectives can be met. 
Because the focus of this work is on split treatment 
during peak flow conditions, it is the response of the 
various processes to flow which is of primary interest. In 
order to keep this work within manageable limits, only a few 
of the most common conventional processes will be considered 
(primary clarification, trickling filters, and activated 
sludge units) along with high rate filtration for split 
treatment. 
There are several ways by which process performance 
information is obtained—full-scale operation of a facility, 
laboratory and pilot studies of the process, and computer 
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simulations. Each of these has limitations. In full-scale 
operation studies, the complex of factors causing a 
particular response are difficult to isolate and control. 
Laboratory and pilot studies suffer from scale up problems. 
Computer simulations require model verification based on the 
other types of investigations. Nevertheless, information 
obtained under these limitations is still useful. 
A brief examination of the literature provides some 
necessary information regarding process response to flow 
rate. Although not all the information is specifically 
directed at response to peak flows, inferences can be drawn 
that prove helpful in assessing the split treatment concept. 
Primary clarification 
Surface overflow rate and influent suspended solids 
concentration usually are recognized as important factors in 
defining the performance of primary clarifiers. Several 
empirical steady-state models describing clarifier 
performance have been formulated using these parameters, 
including those reported by Smith, 1969; Voshel and Sak, 
1968; and Tebbutt and Christoulas, 1975. Silveston (1972) 
reported on the simulation of primary clarification at two 
plants using the Smith model and another. The simulation was 
able to predict mean annual performance to within 10 percent 
of actual after the models were properly calibrated, although 
Silveston noted that such models are not particularly 
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accurate for modeling short term performance. 
Alarie et al. (1980) presented a dynamic, mechanistic 
model for primary clarifiers which accounts for solids 
settleability and bottom scour as well as flow rate and 
influent solids concentration, and they showed it to be a 
better predictor of performance than the steady state models 
cited above. Using the model with settling data and 
clarifier configuration from a particular plant, they 
produced the results shown in Figure 5 demonstrating the 
relationship between suspended solids removal and the 
parameters of overflow rate and influent solids 
concentration. They also demonstrated that performance was 
insensitive to tank depths greater than 10 feet. For 
comparison, superimposed on Figure 5 is a plot of the 
performance curve suggested by Hinrichs (undated) based on a 
study of full-scale installations. Judging from such 
information as this, flow rate is seen to be a significant 
determinant of performance in primary clarification and an 
important parameter used in the design of primary clarifiers. 
Trickling filters 
Trickling filter process performance is significantly 
affected by hydraulic loading. This is true for both steady 
state and transient loading conditions, although transient 
load response is not readily quantified. Data from operating 
installations may provide the best insight into response 
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Figure 5. Primary clarification treatment performance as a 
function of hydraulic loading 
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during peak flows. Hydroscience, Inc. (1976) presented 
information for a high-rate trickling filter designed to 
treat both domestic wastewater and combined sewer flows 
(Figure 6). They noted that this plant was the only one in 
the U.S. designed specifically for this application. 
Numerous design models exist to describe steady state 
trickling filter performance, and hydraulic loading is a 
primary parameter in most. Schulze (1960) proposed that the 
contact time between the wastewater and the attached biomass 
was inversely proportional to the hydraulic loading rate and 
directly proportional to depth. Expanding on this concept, 
Eckenfelder (1963) developed the following equation: 
Le/La = 1/(1+2.5D °*®^/(Q/A) °-^) , 
where 
Le = unsettled trickling filter effluent BOD, mg/1 
La = applied BOD, including recirculation, mg/1 
D = media depth, ft 
A = area of trickling filter, acres 
Q = flow, mgd 
For plastic media trickling filter design, the Germain 
equation is sometimes used (Germain, 1966) and is formulated 
as: 
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Figure 6. Trickling filter BOD removal efficiency as a 
function of hydraulic loading (after Hydroscience, 
Inc., 1976) 
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Le/Li = exp(-kD/q0'5) , 
where 
Le = effluent BOD, mg/1 
Li = influent BOD, mg/1 
D = filter depth, ft 
q = hydraulic loading rate, excluding recirculation, 
gpm/sf 
k = wastewater treatability factor 
Here again, contact time, reflected in the depth and 
hydraulic loading parameters, is important. 
Sarner (1980), reporting on pilot studies using 
high-rate plastic media trickling filters on domestic 
wastewater, concluded that increased hydraulic loads 
increased the BOD removal rate due to decreased diffusional 
resistance, but in spite of this, the effluent BOD 
concentration increased because of the decreased detention 
time. Sarner proposed an empirical model, taking into 
account the final clarifier, which also incorporated the 
hydraulic loading on the trickling filter. 
Activated sludge 
The response of activated sludge processes to transient 
loadings, both organic and hydraulic, has been investigated 
by several researchers. Samplings of these works provide an 
indication of the sensitivity of the process. 
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Grady (1971) used an analog computer model of an 
activated sludge system to investigate response to a 
quantitative shock load. Grady described a quantitative 
shock to be one in which the quantity of organic load 
entering a treatment plant changes whereas a qualitative 
shock is one in which the nature of the waste changes. He 
concluded that the mass rate of change of substrate was the 
primary factor in the biochemical response to quantitative 
shocks, regardless of substrate concentration. Furthermore, 
he found that the response is largely dependent on the 
steady-state specific growth rate prior to the shock. The 
lower the specific growth rate, the better the 
transient-state response. Finally, Grady determined that the 
biochemical response was relatively independent of the 
reactor hydraulic detention time. 
George and Gaudy (1973) investigated hydraulic shock 
loadings on the complete-mix activated sludge process using 
laboratory-scale reactors and a glucose substrate. Both 
constant feed concentration loadings and constant mass 
loadings were evaluated. They found that hydraulic shocks at 
constant substrate concentration causing a decrease in 
retention time were more deleterious than those causing an 
increase in retention time. For hydraulic shock loads at 
constant daily organic loading, those resulting in increased 
retention times caused the greater perturbance due to the 
associated rise in substrate feed concentration. George and 
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Gaudy concluded that for complete-mix activated sludge 
reactors with a mean hydraulic retention time of 8 hours, 
step increases and decreases in flow rate of 100 percent 
could be accommodated without serious disruption of substrate 
removal efficiency. They recommended that activated sludge 
systems be protected against changes in flow greater than 100 
percent. 
McLeiIan and Busch (1974) reported on an effort to 
quantify the ability of mixed cultures in recycle reactors to 
handle quantitative shocks. By comparing the steady-state 
loading of a continuous flow reactor with the substrate 
removal for a unit mass of microorganisms in a given time in 
a batch process, they determined an Available Reaction 
Potential. Another parameter, called Batch Reaction Time, 
was defined as the time required in a batch experiment for 
the substrate to be reduced to zero when started from the 
same ratio of substrate to biomass concentration as would be 
encountered in the steady-state continuous flow reactor. 
They noted that the Reaction Potential of the process will be 
exceeded whenever the reactor hydraulic retention time is 
less than the Batch Reactor Time. 
Drawing on the Batch Reactor Time concept Ongerth (1979) 
discussed the effect of peak flows on activated sludge 
systems in a broader work on flow equalization. Acceptable 
reactor times as presented by Ongerth are shown in Figure 7. 
Ongerth claimed that since design practice usually results in 
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Figure 7. Limit of soluble organics removal in the activated 
sludge process as a function of influent organic 
concentration, mixed liquor solids concentration, 
and aeration time (after Ongerth, 1979) 
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considerably more than the minimum hydraulic retention time 
in the reactor, no deterioration in effluent quality normally 
results from reduced retention times due to hydraulic peaks. 
Selna and Schroeder (1979) studied the stoichiometric 
effects of concentration transients on the activated sludge 
process. They found that for true shock loads, such as those 
arising from industrial spills, the stoichiometric response 
mitigated the effect on oxygen uptake and organic removal. 
Second, for variations such as normal diurnal fluctuations, 
they found great dampening of the response. On that basis, 
they concluded that "the assumption of steady-state 
conditions based on mean daily parameter values is a 
satisfactory approximation". 
Busby and Andrews (1975) developed a comprehensive 
mechanistic dynamic model of the activated sludge process, 
including primary sedimentation and final clarification 
incorporating a batch flux thickening analysis. Using their 
model, they investigated alternative process control 
strategies for systems subjected to normal diurnal variations 
of input loads. A typical response curve is presented in 
Figure 8. This response was to an input condition where 
flow, BOD concentration and suspended solids concentration 
tended to increase and decrease together, typical of normal 
diurnal wastewater fluctuations. No information was 
presented concerning a pure hydraulic transient such as might 
result from an infiltration/inflow event. 
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Figure 8. Simulated %naRri<: response of a conventional 
activated sludge system (after Busby and Andrews, 
1975) 
62 
Tanthapanichakoon and Himmelblau (1981) also simulated 
the dynamic behavior of activated sludge treatment. One of 
their conclusions was that an activated sludge system would 
reach a stable diurnal response within two days when 
subjected to a continuous diurnally varying input. Their 
model also showed that the typical high-rate activated sludge 
system is very sensitive on a long-term basis to changes in 
flow rate, with a 148 percent increase in effluent 
carbonaceous and nitrogenous BOD concentration 20 days after 
a 100 percent increase in flow rate. 
Secondary clarification 
Secondary clarifier performance, especially following 
activated sludge processes, can be characterized as a process 
with a threshold failure level. In other words, performance 
may deteriorate slowly as flow increases up to a certain 
point at which precipitous deterioration occurs. Figure 9 
illustrates this type of response according to information 
presented by Buffington (1981). For activated sludge 
systems, poor performance may mean failure in terms of 
violating effluent standards, but there may also be process 
failure arising from the excessive loss of biological solids 
from the system. 
Most studies of clarifier performance focus on process 
performance below the process failure threshhold. Works by 
Agnew (1972) and Pflanz (1969) are often cited in the 
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Figure 9. Final clarifier effluent suspended solids versus 
hydraulic loading, illustrating threshold 
performance (after Buffington, 1981) 
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literature in discussions on clarification. Pflanz showed 
that effluent suspended solids concentrations were directly 
proportional to the clarifier overflow rate and the influent 
suspended solids level. Agnew, on the other hand, presented 
data showing that the effluent solids level was directly 
proportional to overflow rate while being inversely 
proportional to influent solids level. 
Recent work by Tuntoolavest et al. (1980) tends to 
support the findings of Pflanz. They found that the 
activated sludge clarifier performance could be related to 
aeration air flow rate, sludge recycle ratio, mixed liquor 
suspended solids concentration, clarifier hydraulic detention 
time, and clarifier overflow rate. They noted that the mixed 
liquor solids concentration exerts more effect on clarifier 
performance than either overflow rate or retention time. 
High rate filtration 
The performance of high rate filtration is shown in 
several works in the literature. An interesting pilot study 
of several different types of filters operated with high rate 
application of primary effluent was conducted by Nute 
(1980a). Using a dual media (anthracite/sand) filter, he 
attained 50 percent suspended solids removal and 40 percent 
or less BOD removals when loading at 8.5 to 20 gpm/sf. 
Headloss buildup was rapid at 3.8 to 10.3 ft/hr, with the 
larger headlosses occurring at the higher hydraulic loadings. 
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Backwash requirements were very large, ranging from 24 to 105 
percent of the feed. 
Nute also tested a shallow bed fine media filter with an 
air pulsing system for lengthening filter runs. As a 
predetermined headloss was reached, air was pulsed through 
the filter bed and the overlying influent pool to reduce 
formation of media clogging deposits of solids. For a media 
consisting of 18 inches of 0.53 mm sand at hydraulic loadings 
of 5.5 to 10 gpm/sf, solids removals ranged from 27 to 67 
percent, BOD removals ranged from 17 to 41 percent, backwash 
requirements were 9.5 to 16.4 percent of the feed, and the 
deposition of solids ranged from 0.017 to 0.046 Ib/sf/ft of 
head loss. 
Finally, deep bed coarse media filters (48 inch beds of 
1.6 or 2.0 mm anthracite) were tested at loadings of 5 to 19 
gpm/sf. Solids removals ranged from 40 to 60 percent at the 
higher loadings with BOD removals of 15 to 24 percent. 
Backwash water requirements were only 1.3 to 4.1 percent of 
the feed and headloss buildup ranged from 0.36 to 1.25 ft/hr 
for the 1.6 mm media. Solids deposition was 0.16 to 0.22 
Ib/sf/ft of headloss for the 1.6 mm media and 0.79 to 0.86 
for the 2.0 mm media. 
From that work, Nute concluded that shallow bed fine 
media filters and deep bed coarse media filters produce 
equivalent suspended solids removals, with 50 percent 
removals achievable if the net filtration rate is limited to 
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10 gpm/sf or less. But the backwash requirement is much less 
for the coarse media filter. He noted that for the fine 
media filter, the backwash water requirement increased with 
higher hydraulic loadings, but for the coarse media filter it 
was relatively independent of feed rate. 
Hancuff and Malina (1972) reported on the ultra high 
rate filtration of untreated municipal wastewater. They 
experimented with a four layer media of garnet sand, silica 
sand, anthracite, and 4.0 mm PVC pellets using filtration 
rates up to 40 gpm/sf. They obtained suspended solids 
removals of 60 to 65 percent at 30 gpm/sf, which they noted 
as being better than 85 percent of the primary clarification 
operations in a federal survey. Solids removals increased to 
70 percent at 10 gpm/sf. Their data revealed significant 
headloss at the high rates, however. At 10 gpm/sf, 8 ft of 
headloss was reached in about 1.5 hours whereas at 30 gpm/sf 
it took only 20 minutes to reach the same value. 
Innerfeld and Ruggiero (1980) reported on work involving 
the high rate filtration of raw dry-weather wastewater and 
combined sewer overflows. Media in their pilot filter 
consisted of 5 feet of No, 3 anthracite over 30 inches of No. 
612 sand. With regard to the filtration of raw wastewater, 
they found that at loadings of 8 gpm/sf with no chemical 
addition and at 12 gpm/sf with 0.5 mg/1 of polymer addition, 
suspended solids removals averaged 67 percent, ranging from 
60 to 77 percent. BOD removals averaged 30 percent at 8 
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gpm/sf without polymer and 39 percent at 12 gpm/sf with 
polymer. They determined that a backwash volume of 6 percent 
of the filtered water proved satisfactory. Solids capture 
was approximately 0.22 Ib/sf/ft of headloss. 
There has been some recent research activity in the area 
of primary effluent filtration which, although not directed 
specifically at high rate filtration, does provide some 
interesting findings that can assist in the evaluation of 
split treatment. Matsumoto et al. (1980) reported on their 
efforts at using a fine media, air pulse filter for primary 
effluent filtration at rates of 2 to 8 gpm/sf. For a 0.45 mm 
sand, solids removals ranged from about 67 percent at 2 
gpm/sf to about 35 percent at 8 gpm/sf. For a 0.35 mm sand, 
the corresponding removals were about 75 percent and 60 
percent. They correlated total BOD removal to suspended 
solids removal with the following relationship: 
BOD removed,% = 9.3 + 0.63(suspended solids removed,%). 
It was also noted that 6 to 36 percent of the soluble BOD was 
also removed, although a mechanism for such removal could not 
be explained. Backwash water volume requirements were 10 to 
14 percent for the 0.45 mm sand and 17 to 34 percent for the 
0.35 mm sand. Filter run lengths of 3 to 5 hours were 
achieved at the low loadings and 0.4 to 1.2 hours at the 
highest loadings for the 0.45 and 0.35 mm media. 
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Thus, from these works, it is evident that flow rate 
through a filter, or hydraulic loading, has significant 
impact on filter performance, not only in terms of pollutant 
removals, but also as described by headloss constrained 
filter run lengths and net water production. Performance is, 
of course, dependent upon other factors as well, such as 
media characteristics and influent water quality. 
Effluent Quality Constraints 
To understand better the situation posed by the split 
treatment concept, one might consider the objectives of water 
pollution control. Those objectives, as enumerated by 
Krenkel and Novotny (1980), are: 
1. to protect the assimilative capacity of surface 
waters, 
2. to protect fish and wildlife, 
3. to preserve or restore the aesthetic and recreational 
value of surface waters, and 
4. to protect humans from adverse water quality 
conditions. 
Early attempts at establishing water quality 
requirements were directed to drinking water safety and the 
control of water-transmitted diseases. Now, however, the 
emphasis in the U.S. in water quality control has shifted 
from guarding the public health to protecting aquatic life. 
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which is often more restrictive. 
One of the provisions of the 1972 Water Pollution 
Control Act Amendments was to establish a system of effluent 
standards for all point-source discharges. For 
publicly-owned treatment works, these standards are based on 
secondary treatment as defined by EPA (30 mg/1 BOD, 30 mg/1 
suspended solids, and at least 85 percent removal of BOD and 
suspended solids). However, in cases where stream standards 
would be violated, more restrictive effluent standards can be 
set based on receiving water quality limitations. 
These standards are based on a critical low-flow 
condition in the receiving stream. The seven-day, ten-year 
low flow (7Q10) is usually considered. In many cases, even 
though the standards are based on the critical low-flow 
condition, they apply at all times, regardless of stream 
flow. However, there is indication of increasing deviation 
from this rigid approach. Lamb et al. (1980) reported on a 
survey of state water pollution control agencies which showed 
that 21 of 39 respondents were using seasonal effluent 
standards, and 5 additional states had plans to adopt this 
approach. With a seasonal effluent standard, the effluent 
limits vary according to the time of year because it is 
recognized that the assimilative capacity of the receiving 
stream also varies with season. Higher flows and colder 
temperatures enhance dissolved oxygen levels, for example. 
Boner and Purland (1980) and Epp and Young (1981) discussed 
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the cost savings associated with this concept. 
There is considerable significance in having a seasonal 
effluent standard with respect to split treatment. Most flow 
peaking situations at municipal wastewater treatment plants, 
with the exception of diurnal peaks, occur as a result of 
infiltration and inflow during wet weather. Because of the 
wet weather, area streams also are flowing abundantly. If a 
less stringent effluent standard applied during this period, 
less expensive treatment, including less expensive split 
treatment methods, can be employed, thereby making split 
treatment more attractive. 
The effluent standards established for a particular 
discharge will determine the degree of treatment necessary, 
and the degree of treatment required will impact split 
treatment decisions. The more inflexible the standard, and 
the higher the degree of treatment, the more difficult it 
will be to adopt split treatment. This is so because, as 
seen in the discussion of process performance, most split 
treatment methods are not intended to produce exceptionally 
high quality effluents. In most cases, the processes are 
most effective for particulate BOD and suspended solids 
removal. 
When a 5/5 monthly standard (5 mg/1 BOD and 5 mg/1 
suspended solids) is in effect, split treatment probably 
would be precluded, A few days with effluent BOD 
concentrations in the 30 mg/1 range would require the 
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production of effluent BOD s of 1 to 2 mg/1 the remainder of 
the month in order to meet the standard. 
All discharges from publicly-owned treatment works must 
provide, as a minimum, the equivalent of secondary treatment. 
This is another difficulty for split treatment because the 
EPA definition of secondary treatment, in part, calls for a 
minimum of 85 percent removal of BOD and suspended solids. 
During wet-weather conditions, the wastewater strength is 
diluted substantially. Therefore, for a treatment plant to 
achieve 85 percent removal, very low levels of BOD and 
suspended solids must be attained, and this must occur at a 
time when the high hydraulic load is stressing the plant 
capabilities. This definition problem has been recognized 
and consideration is being given to eliminating the 85 
percent removal requirement (Association of Metropolitan 
Sewerage Agencies, 1982). Without an easing of this 
requirement, split treatment may be difficult to implement. 
Relaxing the secondary treatment requirement under 
peaking conditions does not seem unreasonable in view of the 
approach for managing combined sewer flows. In combined 
sewer design, it is common to size the treatment facility to 
handle 3 to 5 times the dry-weather flow, with the storm 
induced excess (which may be 10 to 100 times the dry-weather 
flow) to be bypassed. If this situation is tolerable, where 
the quality of the storm runoff can be worse than raw 
sanitary wastewater, then it seems reasonable that it may be 
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possible to provide less than secondary treatment to 
wet-weather flows in separate systems where the peak flow can 
be 3 to 10 times the dry-weather flow, but the strength is 
considerably less (by a factor of 1/3 to 1/10) due to 
dilution. 
Cost of Treatment 
One of the methods for evaluating the economic 
desirability of a project is to weigh the cost of production 
for a given level of output against the resulting benefit. 
In this production theory approach, however, it is necessary 
to quantify both costs and benefits in commensurate terms. 
For water pollution control projects, production may be 
viewed as the achievement of certain levels of pollutants in 
the effluent discharged from a treatment plant. While the 
cost of providing wastewater treatment may be quantified in 
monetary terms, the resulting benefits are extremely 
difficult to valuate monetarily. Instead, the level of 
pollution control is established politically in the U.S. and 
is implemented in the establishment of effluent standards 
imposed on wastewater discharges. If one assumes that this 
method truly reflects the social benefit of pollution 
control, then the economic evaluation can be based on a 
cost-effectiveness approach; that is, attaining a specified 
level of pollution control at minimum cost. This is the 
approach utilized in all planning efforts under the 
Construction Grants Program. 
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In assessing treatment costs, it is necessary to 
consider both capital costs and operation and maintenance 
costs. Furthermore, the service lives of the various 
sub-systems and their components must also be accounted for. 
This is accomplished using accepted engineering economic 
analysis procedures such as are detailed by Smith (1979). 
Various efforts at collecting and summarizing wastewater 
treatment costs have been reported, including those by Smith 
(1968), Patterson and Banker (1971), Van Note (1975) and the 
U.S. Environmental Protection Agency (1978). The results of 
such efforts are usually summarized in terms of generalized 
cost curves or equations for each unit process based on flow 
rate or some primary process sizing factor, such as surface 
area or volume. 
Using generalized cost curves in this study presents a 
difficulty. Such curves often are based only on nominal 
plant flow and provide little useful information for 
determining the effect that peak flows have on process costs. 
The nominal plant flow may have no relationship to the sizing 
of specific processes to handle peak flows. 
An interesting and useful cost estimating tool has been 
developed under the auspices of the U.S. Environmental 
Protection Agency and the U.S. Army Corps of Engineers. This 
tool is a computer-based methodology for the preparation and 
comparison of planning level cost estimates for alternative 
wastewater treatment systems and is referred to as the CAPDET 
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model—Computer Assisted Procedure for the Design and 
Evaluation of Wastewater Treatment Systems (U.S. Army 
Engineer Waterways Experiment Station, 1981). The model is 
constructed such that for each treatment scheme specified by 
the user, the necessary unit process sizings, construction 
quantities, construction costs, and operation and maintenance 
costs may be determined. Input data consist of unit process 
specifications, scheme descriptions, waste influent 
characteristics, unit cost data, and program control. While 
parametric estimates are used for a few of the unit process 
costs, a distinguishing feature of this model is that, after 
determining the necessary unit process physical dimensions 
based on user-defined design criteria or on the program's 
design criteria default values, the program calculates 
construction material and labor quantities and then utilizes 
a unit-cost approach for arriving at the costs for each 
process. The model is also structured such that the user can 
specify several different process trains and modifications of 
unit processes and the construction costs, operation and 
maintenance costs, and energy requirements for each 
alternative are calculated and conpared. 
The CAPDET model was selected as the basis for 
establishing the cost relationships used in this study for a 
number of reasons. First, it offers a consistent method for 
accounting for varying service lives for different 
facilities. The model contains default values for service 
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lives for each major piece of equipment and structure 
available in the model. Thus, service lives can be accounted 
for in detail very rapidly. 
The CAPDET model provides a great amount of detail 
concerning unit process sizes which can be used in assessing 
the effect of flow on process cost. It also provides 
sufficient level of detail in operation and maintenance costs 
(operation labor, maintenance labor, energy costs, and 
materials and supplies) . 
The unit costs used in the CAPDET program are either 
input as current estimates or are updated through the user 
specification of several current cost indices. 
The difficulty in using a detailed model such as CAPDET 
is that it works best after a system structure has been 
proposed and system sizing criteria have been established. 
If specific system configurations and sizing criteria are to 
be evaluated, the model could easily be used to evaluate the 
alternatives under consideration. However, in the present 
study, simplified cost functions were desired which would 
readily reveal the influence of flow and which could be 
utilized in other models that might be developed for 
evaluation purposes. 
The CAPDET program was used to generate detailed cost 
estimates of a number of unit processes for plants of various 
nominal flow capacity. In general, plant capacities of 1, 2, 
4, 8, 16, 32, and 64 mgd were used. After the estimates were 
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produced, regression analyses were used to relate the cost of 
each process to a particular design parameter which was 
considered to be appropriate for that purpose. For example, 
the cost of primary clarification was related to the surface 
area of the settling tanks. Usually the CAPDET model default 
values were used or were changed only slightly. Details of 
the input data and the cost estimates are included in 
Appendix A. 
It should be noted that the CAPDET model does not allow 
for sizing granular-media filters for loadings higher than 
3.5 gpm/sf. This basis was used in determining the cost of 
filtration on the assumption that the cost per unit area of 
filter bed would not be significantly different at higher 
loading rates. Allowance was made for greater filter box 
depth that could be expected because of the higher headloss 
through the filter at the higher loadings. 
The resulting cost functions are summarized in Tables 1 
and 2. All costs are expressed as annual equivalent costs 
and are derived using a 9.0 percent discount rate and a 
20-year planning period. Operation and maintenance costs are 
based on full-time utilization. 
For those treatment units that are to be used for split 
treatment (or may be compared to split treatment), the 
operation and maintenance costs have been considered in two 
parts—power costs and all other operation and maintenance 
costs. This has been done as an aid to estimating total 
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annual operation and maintenance costs under conditions of 
partial utilization when an allocation of costs between the 
fixed and variable cost categories is needed. The assumption 
made in later analyses is that power costs are fully variable 
with use whereas all other operating and maintenance costs 
are fixed for any particular size facility. 
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Table 1. Equivalent annual capital cost relationships for 
selected wastewater treatment processes 
Treatment 
unit 
Cost Function 
Equalization CC 11,932 + 4,194 Vmg 
Primary and 
trickling filter 
clarifiers 
CC 11,859 + 3,870 A 
Trickling filters 
(no pumping) 
CC 18,860 + 0.63 Vcf 
Aeration basins CC 12,854 + 42,774 Vmg 
Aeration blowers CC = 13,166 + 1.193 F 
Activated sludge 
clarifiers 
CC 15,106 + 3,172 A 
Pumping CC = 6,129 + 1,903 Qf 
Fine Screens CC 1,500 + 436 Q 
Filtration CC 
CC 
417.2 AO'76,, for A > 
3360.6 AO'444 for A 
737 
< 737 
Vmg = volume, mil gal 
Vcf = volume, cf 
A = surface area, sf 
F = installed capacity, cfm 
Qf = firm capacity, mgd 
Q = design capacity, mgd 
CC= equivalent annual capital cost, $/yr 
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Table 2. Annual operation and maintenance cost relationships 
for selected treatment processes 
Treatment Process Cost Function 
Equalization PC 
FC 
-7,499 + 29,604 Vmg 
19,089 + 4,194 Vmg 
Primary and 
trickling filter 
clarifiers 
TC 7,708 + 0.958 A 
Trickling filters TC 4,008 + 0.0607 Vcf 
Activated sludge 
aeration 
PC 
FC 
14,480 AC 
43,319 VmgO'573 
Activated sludge 
clarifiers 
TC 10,176 + 0.785 A 
Pumping TC 6,966 + 4,379 Qa 
Fine screens PC 
PC 
FC 
FC 
300 for Q < 6 
120 Q for Q > 6 
3330 for Q < 10 
1692 + 164 Q for Q > 10 
Filtration PC 
FC 
15 + 1.928 A 
10,481 + 12.141 A 
Vmg = volume, mil gal Vcf = volume, cf 
A = surface area, sf 
Ac = blower design aeration capacity, 1,000 cfm 
Qa = average flow, mgd Q = design flow, mgd 
TC = total operation and maintenance costs, $/yr 
PC = power costs, $/yr 
FC = operation and maintenance costs excluding power, $/yr 
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ANALYSIS OF SPLIT TREATMENT FEASIBILITY 
General Considerations 
For a given peaking condition (peaking ratio) , there are 
various combinations of levels of treatment that give a 
combined effluent that meets a certain standard. To 
illustrate, consider the following: 
A mass balance can be written for the location where the 
split treatment effluent is combined with the conventional 
treatment effluent; 
=0 Qo + Cs Qs- ' Ct Qt 
where C = concentration 
Q = flow rate 
c,s,t = flow stream qualifiers designating 
conventional, split and combined total.• 
respectively. 
Letting f represent the fraction of total flow treated in the 
conventional process train, then the mass balance equation 
can be rewritten as; • 
Cg = (Ct - f Cc) / (1 - f) . 
Using this relationship. Figures 10 and 11 were 
constructed to display graphically the relationship between 
Cg and Cg for two different values of Cj.. From Figure 10, 
for example, one can readily see the possibilities for 
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Cy = 45 mg/1 
f = FRACTION OF TOTAL FLOW TO 
CWVENTIONAL TREATMENT 
f = FRACTION OF TOTAL FLOW TO 
SPLIT TREATMENT 
CONVENTIONAL TREATMENT EFFLUENT CONCENTRATION (C^), mg/1 
Figure 10. Relationship between conventional stream and split 
stream effluent qualities for a combined effluent 
concentration of 45 mg/1 
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f = FRACTION OF TOTAL FLOW TO 
CMWENTIONAL TREATMENT 
1 - f = FRACTION OF TOTAL FLOW TO 
SPLIT TREATMENT 
I f )  
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CJ 
LU 
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ôt 
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CONVENTIONAL TREATMENT EFFLUENT CONCENTRATION (C^), mg/1 
Figure 11. Relationship between conventional stream and split 
stream effluent qualities for a combined effluent 
concentration of 30 mg/1 
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producing a combined effluent quality of 4 5 mg/1—a level 
often cited in discharge permits as the maximum day or 
maximum seven-day average effluent BOD and suspended solids 
standard. Obviously, if the conventional treatment train is 
only capable of producing an effluent concentration of 45 
mg/1, then the split treatment train must also achieve that 
quality, regardless of the distribution of flow between the 
two trains. 
If the conventional train produces a 30 mg/1 effluent, 
then the split treatment train need produce a 47 mg/1 
effluent if it handles 90 percent of the peak to only 74 mg/1 
if only 1/3 of the peak is handled in the split treatment 
train. Similarly, if the conventional train can produce a 
quality of 10 mg/1, then the allowable quality of the split 
treatment effluent can range from 49 to 115 mg/1 for 90 and 
33 percent of the flow treated in the split train, 
respectively. 
This analysis suggests that, at least from an effluent 
quality standpoint, there are three decision points along the 
route to meeting a given standard with split treatment— 1) 
the proper selection and sizing of the split treatment 
process to provide a desired performance, 2) the amount of 
flow subjected to split treatment, and 3) the level of 
treatment provided in the conventional treatment train. 
In the selection of a process to use for split 
treatment, one will consider the capability of the process 
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compared to the required performance. Such a comparison 
should reveal the conditions under which the process in 
question may suffer limitations. 
First, consider the performance required. The mass 
balance analysis presented above can serve as the basis for 
these calculations. In addition, the influent waste strength 
will have an influence on the analysis. 
Establishing an appropriate value to use for influent 
strength requires dealing with the variability of waste 
characteristics. Raw municipal wastewater BOD is generally 
recognized to range between 150 and 300 mg/1, depending on 
factors such as the amount of commercial and industrial 
activity and the amount of infiltration. For purposes here, 
a value of 200 mg/1 shall be considered representative. But 
even for a community where 200 mg/1 is a reasonable average, 
the strength varies considerably. 
While the causes of some of the variation are such an 
intrinsic part of the community character as to be 
unidentifiable or nonquantifiable, one cause clearly can be 
associated with hydraulic peaking and can be accounted for. 
Because most of the major hydraulic peaking is due to 
infiltration and inflow of water relatively free of organic 
material and suspended solids, there is a significant 
dilution effect on the raw wastewater BOD and suspended 
solids. This effect may be seen in data from Ames, Iowa, 
presented in Figure 12. 
400 
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o = AVERAGE DRY-WEATHER FLOW (JAN-FEB) 
o 
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C- = AVERAGE DRY-WEATHER CONCENTRATION (JAN-FEB) 
C" = Cg DURING DRY-WEATHER FLOW 
o 
^ 
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WASTEWATER FLOW (Q), M6D 
Figure 12. BOD-flow relationship for 1979 data from Ames, Iowa 
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By utilizing a pollutant concentration representative of 
a normal dry-weather flow condition (C^ = 200 mg/1), and 
accounting for the dilution effect of higher flows, one can 
express the required performance of the split treatment 
process at various peaking conditions in terms of percent 
removal as well as actual concentration. This has been done 
in Table 3 for a situation in which the total effluent BOD 
concentration must be less than 30 mg/1 and all flow 
exceeding the normal flow is diverted to split treatment. 
In Figure 13, the same information is presented graphically. 
Figure 14 shows the effect of changing the quantity of flow 
Qg treated through the conventional train. 
It is noteworthy that the maximum required removal 
efficiencies do not coincide with maximum peaking ratios. 
Instead, the most demanding situations arise when the peaking 
factor is between 1.5 and 3. 
The value of such plots is that, when compared with a 
plot of the expected process performance, any deficiencies 
between expected and required performance are readily 
apparent. 
The curve representing the split treatment performance 
is developed as follows. Small and DiToro (1979) , writing 
about stormwater treatment, proposed that the performance 
relationship for many treatment processes could be 
represented as an exponentially decreasing function of flow; 
r = Z exp(q/Q ln(F/Z)), where 
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Table 3. Required split treatment performance for various 
peaking factors and conventional treatment effluent 
concentrations® 
Peaking Raw Required split treatment 
factor conc., performance, mg/1 (% removal) 
mg/1 
conventional 
20 
effl. conc., 
10 
mg/1 
5 
1.0 200 — —  —  —  —  —  
1.5 133 50 70 80 
(62.4) (47.4) (39.8) 
2.0 100 40 50 55 
(60) (50) (45) 
3.0 67 35 40 42.5 
(47.8) (40.3) (36.6) 
4.0 50 33.3 36.7 38.3 
(33.4) (26.7) (11.7) 
5.0 40 32.5 35 36.3 
(18.8) (12.5) (9.4) 
^Based on diverting flow over 1.0 x normal flow to split 
treatment for = 30. 
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Figure 13. Relationship between required split treatment 
performance and flow for = 30 mq/1 and 
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oc 30 
PEAKING FACTOR 
Figure 14. Relationship between required split treatment 
performance and flow for C. = 30 mg/1 and C =20 
mg/1 ^ c 
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r = fractional removal of a pollutant 
q = influent flow rate 
Q = an index flow rate 
Z = fractional removal at a low flow 
F = fractional removal at Q. 
This model may be applied to high rate filtration using 
the data of Innerfeld and Ruggiero (1980), in which they 
concluded that an average 67 percent removal of suspended 
solids from raw domestic wastewater was achievable with 
polymer addition at a filtration rate of 12 gpm/sf. If one 
assumes that the solids removal at low flow (Z = 2 gpm/sf) is 
80 percent, then the fractional suspended solids removal 
would be r^g = 0.80 exp(-0.014775q), and if Z is as high as 
95 percent then r^^ = o.95 exp(-0.0291q), where q is the 
filter hydraulic loading rate in gpm/sf. 
Extending the model to include BOD removal requires 
recognition that part of the BOD in raw wastewater is soluble 
and part is associated with suspended matter. If one assumes 
that the suspended BOD would be removed in proportion to the 
suspended solids removal, and since a granular media filter 
would not generally reduce the soluble BOD, then the effluent 
BOD from the high rate filter would be the soluble BOD plus a 
fraction of the suspended BOD as found by applying the 
suspended solids removal equation. Thus, the percentage BOD 
removal will depend on the amount of influent soluble BOD as 
well as the filtration rate, and the ratio of total BOD 
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removal to suspended solids removal will vary inversely with 
the soluble BOD fraction (Figure 15). Taking the soluble BOD 
as 1/3 of the total BOD, which is not unusual for domestic 
wastewater, then the BOD removal is 2/3 of the suspended 
solids removal, and the total BOD removal can be expressed as 
^BOD = 0.533 exp(-0.014775q) or 
i^Bod ~ 0*633 exp{-0.0291q) 
for maximum suspended solids removals of 80 and 95 percent, 
respectively. 
One can now compare the expected BOD removals for high 
rate filtration with the required performance. Doing so 
reveals that there certainly is reason to be encouraged by 
the compatibility of needed versus available removal 
efficiencies. Consider, for example, the situation where a 30 
mg/1 combined effluent must be produced. One would prefer to 
size the filter as small as possible to minimize construction 
costs. On the other hand, at high loading rates, head loss 
buildup is rapid and net water production declines. A 
reasonable design loading might be in the range of 10 to 20 
gpm/sf as evidenced by the work of innerfeld and Ruggiero 
(1980). From the performance relationship just developed, 
the BOD removal is seen to be in the range of 35 to 48 
percent for these loadings (Figure 16). 
Now, looking at the required BOD removal in Figures 13 
or 14, it is noted that if the conventional treatment train 
produces an effluent BOD of 20 mg/1 when 0^=0^^, the required 
92 
0.8  
LU Q£ 
a 
ca o 
0.4 
^ a 
o o. 
3 M 
0.4 0 .2  0.6 0 . 8  1.0 0 
Figure 15. BOD/suspended solids removal ratio as a function 
of soluble BOD fraction for high rate filtration 
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Figure 16. High rate filtration performance for BOD removal 
94 
split treatment BOD removal exceeds 48 percent until the 
peaking factor reaches 3.0. Therefore, this particular 
situation represents a case where the required standard could 
not be met during split treatment. However, if the 
conventional train were designed to produce 10 mg/1 or if it 
could sustain the 20 mg/1 effluent at approximately 1.4 times 
the normal flow then the high rate filtration split 
treatment could be done without violating a 30 mg/1 standard. 
The focus in this discourse has been BOD removal because 
a portion of the total BOD is soluble and not subject to 
removal by filtration. This makes BOD a more critical 
parameter than suspended solids with regard to effluent 
standard compliance. 
Performance Assessment Model 
Having established that it is at least technically 
feasible to enç>loy the split treatment concept without 
necessarily and automatically violating effluent 
concentration standards, one can now turn to address the 
costs and performance of split treatment. The performance of 
a system using the split treatment concept depends not only 
on the specific performance of the split treatment process, 
but on the conventional treatment performance and the system 
configuration as well. The number of variables that may 
influence the overall performance is quite large. 
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In this early attempt at formalizing and characterizing 
the split treatment concept, it is most difficult to 
generalize. At best, one might hope to reveal some of the 
more salient aspects through the judicious selection and 
examination of several hypothetical situations. 
During the course of this work, it became evident that, 
because of the interaction of many process design parameters 
and decision variables, some form of high speed computational 
tool would be necessary in order to assess even a few 
situations to any appreciable extent. Because of the growing 
availability and importance of microcomputers, the decision 
was made to develop a treatment system performance model 
which could be implemented on a desk top computer. As a 
result, in addition to providing answers to specific 
treatment situations examined here, a method exists by which 
practitioners or others can test case-specific situations for 
appropriateness of the split treatment concept. Because the 
model is written to be run on a microcomputer, its use need 
not be restricted to those with large main-frame computers. 
While the model is far from being sophisticated, it is 
believed to be a satisfactory working tool, at least for 
beginning attempts at assessing impacts of split treatment. 
A review of the literature on treatment models reveals a 
profusion of articles on efforts to model individual 
processes and composite systems. An excellent review article 
by Tyteca et al. (1977) cites over 230 references dealing 
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with mathematical modeling and optimization of wastewater 
treatment. 
Because of these existing works, it was readily 
concluded that development of any new mathematical 
formulations was both unnecessary and undesirable. Instead, 
efforts were directed at selecting appropriate individual 
process models and coupling them together in such a way as to 
provide a versatile, yet simple, model of the liquid 
treatment train incorporating high rate filtration for split 
treatment. Sludge treatment was purposely excluded. 
Although it is probable that there is an interaction between 
solids processing and split treatment, such nuances were 
ignored in this study to permit greater concentration on the 
numerous other aspects already identified. 
Several highly complex computer models already exist 
that are intended to describe wastewater treatment, including 
the CAPDET program and another developed by U.S. EPA called 
EXEC (Rossman, 1979). Both of these are oriented toward 
determining unit process sizes and cost estimates given a 
specified level of performance. Rather, what was desired for 
this work was a model that would predict effluent quality 
given predetermined unit process sizes. 
A major decision in development of an appropriate 
evaluative program was whether to use steady-state or dynamic 
models. Dynamic models do exist for some treatment 
processes, such as the activated sludge process and 
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clarification (Busby and Andrews, 1975; Alarie et al., 1980; 
among others). Such models are usually very complex. For 
example, Tanthapanichakoon and Himmelblau (1981) reported on 
the dynamic modeling of an activated sludge system. They 
mentioned that to simulate 4 days of operation took about 8 
minutes of computer time on a large mainframe (CDC-6600). 
Simple computations on such a machine would be measured in 
mi Hi-seconds. 
Although almost all treatment facility designs are based 
on the assumption of steady-state conditions, actual 
treatment plants receive transient loadings and rarely 
operate at true steady-state. Dynamic models would seem to 
simulate reality better than steady-state ones. This could 
be particularly important since the subject under study here, 
treatment under peak flow conditions, is directly related to 
transient conditions. It was felt, however, that dynamic 
modeling would be overly complex and beyond the present scope 
of effort. The fact that this work represents a "first cut" 
at assessment of split treatment seems sufficient 
justification for keeping the approach reasonably simple. 
The question for consideration then shifts to the 
validity or usefulness of steady-state models in evaluating 
treatment during peak flows. The primary argument in favor 
of steady-state models lies in the type of peak flows 
considered here. As detailed earlier, this study is most 
concerned with the long duration, low frequency peaks. While 
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such peak flows certainly represent transient conditions, 
they don't offer the rapidity of change of the high frequency 
hourly variations. Thus, one might view the treatment 
situation under such peaking conditions as a series of 
quasi-steady states, as did Tyteca and Nyns (1979). Similar 
assumptions have been made by Roper and Grady (1974). 
Further support for first using a steady-state model can 
be argued. It may be conceded that dynamic models would 
better describe the peaking conditions. However, if benefits 
for split treatment can be demonstrated using steady-state 
models, which would tend to underestimate deterioration of 
effluent quality during peak flows, then even greater 
benefits could be presumed to occur in actuality. Subsequent 
work could then endeavor to incorporate appropriate dynamic 
models. 
On this basis then, the performance model was developed 
for simulating effluent quality—hereafter designated EQSIM, 
The program listing, along with other details of the model, 
is included in Appendix B. Basically, the program considers 
four possible treatment systems: system 1 consisting of 
primary clarification, trickling filter treatment, and final 
clarification; system 2 is similar to system 1 except for the 
replacement of trickling filter treatment by activated sludge 
treatment; system 3 consisting of primary clarification 
followed by trickling filter treatment and clarification 
followed by activated sludge and final clarification; and 
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system 4 being similar to system 2 except for the inclusion 
of primary effluent filtration following primary 
clarification. In systems 1, 2, and 3, filtration is 
provided either for treatment of raw flow split prior to 
primary treatment, for effluent polishing, or both. In 
system 4, effluent polishing may be elected, but split 
treatment is provided by shunting excess flow through the 
primary effluent filtration for subsequent discharge while 
directing the base flow from the primary clarifier directly 
to the activated sludge process. 
The program runs interactively on a microcomputer (Apple 
11+ with 48K RAM) utilizing approximately 32 K of memory. 
Computation time for a single analysis of one flow situation 
is about 10 seconds with another 30 seconds required for 
printing the output array of flow, total BOD, soluble BOD, 
suspended solids, volatile suspended solids, and ammonia 
nitrogen for each liquid flow stream in the system. 
Two versions of the activated sludge subroutine used in 
EQSIM were written. The first simply provides for a constant 
desired SRT. Thus, if one uses the program to evaluate daily 
performance over a period of several days, the mixed liquor 
solids level will be varied, depending on the influent 
conditions, to give a fixed SRT. In a period where influent 
flows increase to the point where flow splitting is specified 
and then subsides fairly rapidly, it may not be desirable to 
reduce solids drastically just to maintain a constant SRT. 
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Instead, one might choose to maintain a fairly constant 
solids level knowing that in a short time the flow situation 
would return to near normal and the larger inventory of 
solids would then be needed. The second version of the 
activated sludge subroutine attempts to simulate this latter 
situation. Thus, after a normal reactor biomass level is 
determined from the first flow and load processed, the model 
maintains that level as closely as possible within the 
constraints of cell production and loss. 
Separate Split Treatment 
In the assessment of cost and pollutant removal 
performance, separate split treatment will be considered 
first. Two situations have been evaluated—HRF (High Rate 
Filtration) split treatment in parallel with a complete mix 
activated sludge treatment train and HRF split treatment in 
parallel with a trickling filter process. 
The procedure here will be to examine example flow 
schemes using the EQSIM model to determine the importance of 
various selected factors. In this way, the effluent quality 
expected for different flow rates, splitting policies, and 
other design parameters can be investigated. A 10-mgd plant 
is used as an illustrative example. Basic design criteria 
and resultant facility sizes are indicated in Tables 4 and 5. 
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Table 4. Design criteria and sizing for a hypothetical 
10-mgd activated sludge plant with separate split 
treatment 
Design Basis Size 
Base flow 
Base BOD concentration 
Base suspended solids 
concentration 
Primary clarification 
Activated sludge 
basin 
Final clarification 
Filtration 
10 mgd 
200 mg/1 
200 mg/1 
800 gpd/sf at 
10 mgd 
12,500 sf 
8 hr aeration time 3.33 mil gal 
at 10 mgd 
500 gpd/sf at 
10 mgd 
12 gpm/sf at 
maximum split 
flow of 20 mgd 
20,000 sf 
1,157 sf 
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Table 5. Design criteria and sizing for a hypothetical 
10-mgd trickling filter plant with separate split 
treatment 
Design Basis Size 
Base flow 
Base BOD concentration 
Base suspended solids 
concentration 
Primary clarification 
Trickling filters 
Final clarification 
Filtration 
10 mgd 
200 mg/1 
200 mg/1 
800 gpd/sf at 
10 mgd 
0.75 gpm/sf 
at 10 mgd 
800 gpd/sf at 
10 mgd 
12 gpm/sf at 
maximum split 
flow of 20 mgd 
12,500 sf 
9,260 sf X 
26 ft deep 
12,500 sf 
1,157 sf 
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In the analysis, each flow rate is considered to be a 
separate steady-state condition. Furthermore, the influent 
mass load of pollutants such as BOD and suspended solids is 
constant. Thus, for higher peak flows, the influent 
concentration is correspondingly lower. For this analysis, a 
peak day to average annual ratio of 4.0 is considered to be 
the highest that would be encountered. 
The activated sludge plant effluent BOD load at various 
flows with and without split treatment is shown in Figure 17. 
The calculations were made for a policy of splitting flows 
greater than 20 mgd (2.0 x normal flow). This policy appears 
reasonable in view of the findings and recommendations of 
George and Gaudy (1973) regarding the effects of transient 
hydraulic loads on the activated sludge process, as discussed 
earlier. From this particular exanple, several interesting 
observations can be made. First, the benefit of split 
treatment is readily apparent. At a flow of 3 times the 
design flow, for example, separate split treatment reduces 
the total effluent BOD load (flow x concentration) to about 
75 percent of the load without split treatment. The actual 
benefit could be significantly greater since the 
clarification portion of the model does not describe well the 
performance at high hydraulic loadings. Upset conditions in 
the final clarifier would be very likely at the 1500 gpd/sf 
hydraulic loading that would occur at the 30 mgd flow. 
However, these conditions are not easily modeled. Also, the 
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Figure 17. Separate split treatment effect on effluent BOD 
from a lO-mgd activated sludge plant 
105 
model calculations indicate that beyond a peaking factor of 
approximately 2.5:1, the biological solids loss in the 
effluent exceeds production—a situation that could lead to 
process instability. With split treatment, however, this 
problem is avoided. 
The importance of filter sizing can be observed in 
Figure 18. In this case, the only factor varied in the 
simulation runs was the split treatment filter surface area. 
The areas were selected to yield filtration rates of 20, 15, 
10 and 5 gpm/sf at the maximum split flow rate of 20 mgd. At 
that flow rate, increasing the filter loading rate from 5 to 
20 gpm/sf (decreasing the area from 2778 sf to 694 sf) 
increases the effluent BOD load by only 20 percent. The 
model calculations showed that the effluent BOD concentration 
for that same condition varied from 18.6 to 22.1 mg/1. Thus, 
overall performance is not highly sensitive to filter 
hydraulic loading. 
Changing either the SRT or the volume of the aeration 
basin changes the mixed liquor solids level which affects the 
amount of improvement due to split treatment. Increasing the 
SRT heightens the improvement in effluent quality as a result 
of split treatment (Figure 19). This is largely due to the 
impact of the secondary clarifier on performance at higher 
SRTs. According to the Pflanz clarification model used, 
clarifier effluent suspended solids concentration, and thus 
BOD, is proportional to the influent suspended solids 
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18. Influence of split treatment filtration rate on 
effluent BOD from a 10-mgd activated sludge plant 
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Figure 19. Influence of SRT on effects of separate split 
treatment for a 10-mgd activated sludge plant 
108 
concentration as well as to the hydraulic loading rate. 
Since the final clarifier influent suspended solids 
concentration is greater for higher SRTs, the effluent 
suspended solids levels would also be higher. Under split 
treatment, the effluent quality for the two different SRT 
conditions is very similar. Thus, the apparent improvement 
afforded by split treating increases as SRT increases. This 
same effect would be seen if the aeration basin volume were 
decreased thereby requiring an increase in the mixed liquor 
solids level to maintain a given SRT. 
It should be noted that this analysis does not account 
for the phenomenon in which solids settleability increases 
with increasing SRT, up to an SRT of around 20 days (Bisogni 
and Lawrence, 1971). Thus, the differences among effluent 
BOD and suspended solids at different SRTs could be less than 
predicted by this model. Nevertheless, an improvement due to 
split treatment would still be expected. 
Similar analyses could be made with regard to effluent 
suspended solids. Since the HRP split treatment is more 
effective in removing suspended solids than BOD, the 
improvement in effluent suspended solids due to split 
treatment would be even greater than for BOD. 
The previous assumption regarding the amount of soluble 
BOD may also be changed to determine the sensitivity of that 
parameter in split treatment decisions. Figure 20 
demonstrates the effect of split treatment when 2/3 of the 
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Figure 20. Influence of soluble BOD fraction on effects of 
separate split treatment for a lO-mgd activated 
sludge plant 
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influent BOD is soluble. In this case, the improvement in 
effluent BOD resulting when split treatment is used is less 
than the previous situation where the soluble BOD was taken 
as 1/3 of the total. However, the improvement is still 
significant at higher peaking ratios; at a 4:1 peaking ratio 
split treatment reduces the effluent BOD by 20 percent. At 
the lower peaking ratios, some deterioration of effluent 
quality occurs as a result of split treatment. Under these 
circumstances, split treatment does not show a benefit until 
the peaking factor exceeds about 3:1. 
In the case of trickling filter treatment with plastic 
media, the situation is somewhat different and the 
improvement in effluent quality due to split treatment is 
harder to discern. With the trickling filter model used in 
the EQSIM program, the impact of flow is significantly 
affected by the value of the trickling filter media constant, 
n. The value of n has been reported to range from 0.3 to 
1.0. As seen in Figure 21, at n = 0.5, there appears to be 
only a small (5 percent) improvement of effluent quality due 
to split treatment at a 4:1 peaking ratio. On the other 
hand, at n = 1.0, split treatment results in about a 20 
percent reduction of effluent BOD load at a peaking factor of 
4:1. Since the n value of plastic media is usually reported 
as 0.5 to 0.7, the effluent improvement due to separate split 
treatment with trickling filters could be expected to be 
rather small. Further analysis of separate split treatment. 
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Figure 21. Effect of separate split treatment on effluent BOD 
from a 10-mgd trickling filter plant 
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then, will focus on its use with activated sludge 
processes. 
The cost of providing separate split treatment must also 
be considered in determining overall feasibility of this 
technique for handling peak flows. The first step in 
assessing costs of treatment with and without splitting is to 
determine which conventional train processes are 
significantly affected by decisions to split treat. Any 
process which is sized on a basis of peak flow could be made 
smaller if the peak flow is reduced as a result of split 
treatment. Consider a typical activated sludge flow scheme 
where the flow split is made prior to primary sedimentation. 
The most obvious elements affected are the primary and 
final clarifiers which could be downsized in proportion to 
the reduction in peak flow through those units. Clarifiers 
are usually sized considering both average and peak flow 
rates. The hydraulic loading at the peak flow must be kept 
below some specified limit. This limit is often taken as 
1,500-2,000 gpd/sf for primary clarifiers and 1,000-1,500 
gpd/sf for secondary clarifiers. Numerous papers have been 
published in the past 15 years recognizing the need to 
consider thickening as well as clarification in the design of 
activated sludge clarifiers. Nevertheless, at moderate mixed 
liquor solids concentrations and high peak flow situations, 
the clarification function usually dictates the clarifier 
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size. 
The sizing of return activated sludge (RAS) pumping may 
also be affected by reducing peak flows through the activated 
sludge system. It is extremely important that the RAS 
capacity be large enough so that solids can be returned 
rapidly enough from the final clarifier to avoid an excessive 
increase in sludge inventory in the clarifier which could 
result in unwanted loss of solids in the effluent from the 
system. The maximum RAS capacity needed can be determined 
from a solids flux analysis. Consider the batch flux curve 
illustrated in Figure 22. Assume that for clarification 
purposes the maximum hydraulic loading is limited to 1,200 
gpd/sf. This rate is represented by the straight line 
sloping upward to the right from the origin and designated 
the overflow rate operating line. For any MLSS 
concentration, the operating point (also referred to as the 
state point by Keinath et al., 1977) occurs at the 
intersection of the operating line with the vertical 
projection of MLSS concentration from the abscissa. Thus, a 
3,000 mg/1 MLSS concentration and an overflow rate of 1,200 
gpd/sf would result in an operating point A. In order to 
maintain that state point, however, the return sludge rate 
would have to be sufficiently high. In fact, the minimum 
rate would be represented by a line through the state point 
and tangent to the batch flux curve. In this instance, the 
return sludge operating line has a slope equivalent to a rate 
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FOR STATE POINT A 
(330 GPD/SF) 
o 15 
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RATE OPERATING 
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(170 GPD/SF) 
H" 
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Figure 22. Activated sludge solids flux curve 
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of approximately 330 gpd/sf or 27.5 percent of the hydraulic 
loading at peak flow. The maximum recycle rate that can be 
employed is also shown and represents a flow rate of 
approximately 620 gpd/sf or 52 percent of the peak design 
overflow rate. Any increase in return rate beyond this would 
only serve to dilute the underflow concentration without 
increasing the maximum solids flux in the clarifier. Below a 
MLSS concentration of 3,500 mg/1, defining state point B, the 
minimum required return sludge rate would be less than the 
maximum allowable rate. 
The interpretation of situations where the state point 
lies beyond point B, for example point C, varies. Keinath et 
al. (1977) suggest that state points beyond B represent 
washout of solids from the clarifier because the initial 
settling velocity of the sludge at the MLSS concentration is 
less than the overflow rate. Dick (1976), however, suggests 
that this interpretation is "folklore" because the solids 
concentration above the sludge blanket would not necessarily 
equal the incoming MLSS concentration. Thus, perhaps there 
would be no difficulties until point D were encountered, 
which again represents a situation where thickening becomes 
limiting. As a result, point D would be an operating state 
where recycle rate, overflow rate, and MLSS are all at 
maximum allowable values. 
From this type of analysis, one can develop a rational 
relationship between return sludge rate and peak flow rate. 
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The solids flux curve will be unique for each situation and 
should be determined on a case by case basis. The curve in 
Figure 22 was developed from the suggested design line for 
solids settling presented by Young et al. (1978) and should 
represent a reasonable approximation of typical situations. 
If 2,000 mg/1 is taken as the minimum MLSS, corresponding to 
state point E, then the minimum return sludge rate would be 
168 gpd/sf or 14 percent of the peak flow rate. As noted 
previously, with 3,700 mg/1 as the maximum MLSS, 
corresponding to state point D, then the return sludge rate 
would be 52 percent of the peak flow rate. Therefore, one 
could conclude that the return activated sludge capacity 
should be somewhere between approximately 15 percent of peak 
flow (at 2,000 mg/1 MLSS) and 50 percent of peak flow (at 
3,700 mg/1 MLSS) when the maximum hydraulic loading rate is 
1,200 gpd/sf. This does not include any factor of safety to 
account for variations in the sludge settleability. 
It is interesting to compare these rates to those often 
recommended for design. It is suggested in Metcalf and Eddy, 
Inc. (1979) that return sludge capacities should be 50 to 100 
percent of the wastewater flow (presumedly average design 
flow) for large plants and 150 percent for small plants. 
Table 6 presents the return sludge flow as a percent of 
average flow for various peaking factors. Selecting a design 
return sludge rate of 100 percent of average flow would mean 
that the rate would be satisfactory for a flow peaking factor 
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Table 6. Return activated sludge capacity expressed as a 
percent of peak flow versus percent of average 
flow 
Return sludge capacity when the rate as a 
percent of peak flow is: 
Peaking 50% 14% 
factor 
1 50 15 
2 100 30 
3 150 45 
4 200 60 
5 250 75 
6 300 90 
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in excess of 6 if the required return sludge rate is 15 
percent of peak flow, as was developed earlier for an MLSS 
concentration of 2,000 mg/1. However, the same rate (100 
percent of average flow) would be satisfactory only up to a 
peaking factor of 2 for a situation where the required return 
sludge rate is 50 percent of the peak flow rate (an MLSS 
concentration of 3,700 mg/1 according to the earlier 
development). Therefore, it is seen that the traditional 
guidelines for return sludge capacity may not be adequate for 
situations which combine even moderately high MLSS levels and 
high peaking factors. 
For evaluation of the cost savings afforded by split 
treatment, it seems reasonable to adopt the criterion that 
return activated sludge capacity should equal 50 percent of 
peak flow rate. This is done with the understanding that the 
design MLSS concentration should be somewhat less than the 
3,700 mg/1 determined in the previous analysis in order that 
some factor of safety will be provided to compensate for 
variations in sludge settleability. 
Sizing the aeration basin itself will not necessarily be 
affected by hydraulic peaking situations. The ASCE Manual of 
Practice No. 36 (American Society of Civil Engineers, 1977) 
describes the effect of flow peaks on mixed liquor suspended 
solids concentration. While noting that activated sludge 
plants designed for average flow and load conditions will 
operate satisfactorily at 160 percent of the average flow and 
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BOD, the design manual illustrates how peaks higher than 1.6 
times average and lasting more than three hours can wash 
solids from the aeration basin. For example, if a plant is 
operating at a concentration of 4,000 mg/1 mixed liquor 
solids (MLSS) at average flow, a 3:1 peak flow lasting 5 
hours will cause the MLSS to decrease to approximately 2,000 
mg/1. Therefore, the manual recommends increasing the 
aeration basin volume. For a peak to average flow ratio of 
2.2:1 which lasts for 6 hours, a reactor basin capacity 
increase of almost 60% is suggested. However, this analysis 
is based on premises that the return sludge concentration and 
the sludge recycle rate are constant during the peaking 
condition. While these conditions indeed could be valid 
during a peaking situation, they are not necessarily good 
assumptions. For the return sludge concentration to remain 
unchanged during a condition when flow and solids load to the 
clarifier have increased, the clarifier would have to be 
operating under a thickening limitation prior to the 
increase. This is unlikely except when the final clarifier 
has reached or exceeded its solids design loading or when the 
plant is being precisely operated and the return sludge rate 
is reduced to the minimum allowable. In either case, 
increasing the return sludge rate would alleviate the 
problem. An excellent discussion of this situation using the 
solids flux analysis approach is presented by Keinath et al. 
(1977). 
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Further argument for not increasing the aeration basin 
volume due to peak flows can be found in the solids retention 
time (SRT) model of Lawrence and McCarty (1970), which 
indicates that activated sludge performance is dependent on 
SRT and not on hydraulic retention time (HRT). However, it is 
noted that this model is based on steady state conditions. 
Sprinkled throughout the literature are intimations that 
longer HRTS do provide buffering against transient shock 
loads. This idea is partially refuted in work by Grady 
(1971) where, by mathematical modeling of activated sludge 
transient state behavior, he concluded that hydraulic 
retention times between 2 and 6 hours had relatively little 
effect on the response of the system to organic shock loads, 
regardless of whether the shock was due to an increase in 
concentration or a combination of increased flow and 
concentration. 
Considering the sizing of aeration equipment, it must be 
recognized that there is no assurance that the peak organic 
load will occur coincident with the peak flow. Split 
treatment will reduce the peak flow to the conventional train 
and, in so doing, the organic loading will also be reduced. 
That is, if during a peak flow situation, 50 percent of the 
flow is diverted to split treatment facilities, 50 percent of 
the associated organic load will also be diverted from the 
conventional treatment. However, since the peak organic load 
can occur at a time when split treatment is not being used, 
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the aeration basin and aeration equipment should be sized 
without regard to any split treatment. 
In summary then, it seems one may conclude 
conservatively that the sizing of only three processes in an 
activated sludge plant are significantly affected by reducing 
peak flows to those units by separate split treatment. Those 
processes are primary clarification, secondary clarification, 
and return activated sludge pumping. 
It is now possible to compare the cost of a conventional 
train (activated sludge) plus split treatment versus 
conventional treatment only, using the cost formulations for 
primary and secondary clarifiers, return sludge pumping, and 
high rate filtration preceded by fine screening. Screening 
is included as a guard against excessive fouling of the 
filter media, as was used by Innerfeld and Ruggiero (1980) . 
In establishing cost estimates the following conditions 
were adopted; 
• annual costs include both ammortized construction 
costs plus operation and maintenance costs, 
• only considered are the costs for components 
indicated above as being affected by flow splitting 
decisions, 
• primary clarifiers are sized for a maximum hydraulic 
loading of 2,000 gpd/sf, 
e activated sludge clarifiers are sized for a maximum 
hydraulic loading of 1,200 gpd/sf, 
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• firm capacity of return activated sludge pumping is 
50 percent of the maximum flow through the 
conventional train while the average pumping rate is 
30 percent of normal design flow, 
• filtration is sized for a peak hydraulic loading of 
12 gpm/sf and 25 percent excess capacity, 
• normal flow is 10 mgd with 200 mg/1 BOD, 
• the split treatment units are utilized 10 percent of 
the time and only power costs are assumed to vary 
with use, with all other operating costs assumed 
fixed, 
• a 30 percent service factor is applied to the annual 
construction costs to account for contingencies and 
engineering, legal and administrative costs, and 
• there is no additional pumping of the split stream. 
A compilation of cost estimates for different 
combinations of peak flow and split flow are presented in 
Table 7. Examination of these figures indicates that for 
separate split treatment, the split treatment must reduce the 
flow to the conventional train by approximately 30 mgd before 
the cost of conventional plus split treatment is less than 
the cost of conventional treatment alone. It should be noted 
that if additional pumping of the split stream is necessary, 
the split treatment costs would be even higher. 
In a similar analysis not detailed here, it was found 
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Table 7. Estimate® of annual costs for wastewater treatment 
using separate split treatment 
Annual Costs, $l,000/yr 
Split flow Peak Flow, mgd 
mgd 15 20 30 40 50 
0 205.9 247.6 330.8 414.0 497.2 
1 244.3 
2 289.7 
5 247.3 372.3 455.5 538.7 
8 282.1 
10 359.3 442.6 525.8 
20 348.0 431.2 514.5 
30 413.8b 496.gb 
40 475.6b 
Includes cost of primary clarification, final 
clarification, return activated sludge pumping and high rate 
filtration preceded by fine screening. 
'^Cost of treatment with split is less than conventional 
treatment alone. 
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that if the assumed requirement for the return activated 
sludge pumping is changed from 0.5 times peak flow through 
the conventional train to 1.0 times peak flow through the 
conventional train, then the conventional train savings 
balances the cost of split treatment when the split flow is 
about 15 mgd. 
There may be situations, however, where separate split 
treatment would be advisable, even though this analysis would 
indicate that oversizing the conventional facilities would be 
less costly. When peaking ratios are extremely great, 10:1 
for example, operational problems can become quite 
significant if conventional units are oversized to handle the 
peaks. 
If a final clarifier were designed to handle a peak flow 
of 10 times the average flow at 1,200 gpd/sf overflow rate, 
assuming the clarifier is 12 feet deep, the hydraulic 
detention time in the clarifier would be 1.8 hours at peak 
flow. When the flow drops to normal, the detention time 
would increase to 18 hours. Such long detention times could 
result in complete depletion of dissolved oxygen in the 
clarifier effluent, possibly necessitating post aeration. 
Another difficulty arising in cold climates, especially when 
extended aeration processes or trickling filters are 
employed, would be ice formation in final clarifiera. 
In addition to final clarifier problems, the sizing of 
the aeration basin may be affected. Consider a situation 
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where the aeration basin hydraulic detention is 4 to 6 hours 
at normal flow. Under a 10:1 peak flow condition the 
detention time would be reduced to about 30 minutes, which 
could significantly alter the soluble BOD removal. Enlarging 
the aeration basin to provide a minimum of one or 1.5 hours 
detention would involve doubling or even tripling the volume 
of the aeration basin. Furthermore, increasing the size of 
the basin could require more aeration horsepower if mixing 
design becomes the controlling criterion rather than oxygen 
transfer. 
Dual Function Split Treatment 
It has been shown that separate high rate filtration 
split treatment may be a rather costly proposition. Yet, 
that finding is not necessarily an indictment against split 
treatment in all forms. Indeed, if split treatment is 
provided using facilities that would otherwise be required, 
then the cost of split treatment would be reduced 
significantly and the cost of conventional plus split 
treatment could be less than the conventional treatment 
alone. Two possibilities of accomplishing dual function 
split treatment are explored here—HRF split treatment in 
conjunction both with secondary effluent filtration and with 
primary effluent filtration. 
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Split treatment with secondary effluent filtration 
This concept involves providing HRF split treatment in 
parallel with the conventional biological treatment train, 
similar to the separate split treatment method considered 
earlier. The difference lies in the prior need of filtration 
facilities for secondary effluent filtration. During periods 
of normal flow, the filtration facilities would be used only 
for effluent polishing. At times of high flow, both 
secondary effluent and raw split flow could be filtered, or 
only raw split flow could be filtered, depending on the 
particular effluent requirements. 
The performance of this mode of split treatment can be 
estimated by applying the EQSIM model to a hypothetical 
activated sludge plant with various peak flow and split 
conditions. The following parameters and conditions are used 
in the analysis: 
• the basic design flow is 10 mgd with 200 mg/1 
BOD and suspended solids, 
• flow above the normal flow dilutes the 
wastewater strength, 
• primary clarification is sized for 800 gpd/sf 
at 10 mgd, 
• final clarification is sized for 600 gpd/sf at 
10 mgd, 
• filtration is sized for 3 gpm/sf at 10 mgd, 
which also yields 12 gpm/sf at 40 mgd. 
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• in each calculation a constant SRT of 6 days is 
used, 
• solids removal efficiency of the filter at 2 
gpm/sf and 12 gpm/sf is 90 percent and 60 
percent respectively for raw split filtration, 
and 80 percent and 50 percent respectively for 
secondary effluent filtration, 
• all other parameters use the EQSIM default 
values (see Appendix B). 
Three treatment situations at various flow rates are 
examined here—secondary effluent filtration with no split 
treatment, secondary effluent filtration with split treatment 
of flow in excess of 20 mgd, and no secondary effluent 
filtration but with split treatment in excess of 20 mgd. A 
comparison of calculated effluent BOD values is presented in 
Table 8. One sees that without split treatment there would 
be a probable upset of the secondary clarifier at 30 mgd. 
Providing split treatment in conjunction with secondary 
effluent filtration alleviates this problem, and the effluent 
BOD increases to 18.9 mg/1 at 30 mgd from 9 mg/1 at the 
design flow of 10 mgd. Interestingly, during split treatment 
the effluent BOD at flows of 30 mgd and greater is only 
slightly worse when secondary effluent filtration is not 
employed. The reason for this is that without secondary 
effluent filtration, the hydraulic loading on the filter is 
128 
Table 8. Effluent 
secondary 
BOD for an activated 
effluent filtration 
sludge plant using 
split treatment 
Flow, 
mgd AS 
Operating Policy 
cc 
10 9.0 9.0 15.2 
15 10.8 10.8 19.7 
20 13.0 13.0 24.2 
30 _d 18.9 22.1 
40 _d 18.6 19.5 
50 _d 17.4 17.5 
split treatment, with effluent filtration. 
'^Split > 20 mgd, with effluent filtration. 
^Split > 20 mgd, without effluent filtration. 
'^Probable upset condition. 
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reduced and the split treatment performance improves. 
The cost of the split treatment under these 
circumstances can be estimated on the same basis as before 
except for the following; 
• filtration is sized for a maximum hydraulic 
loading of 12 gpm/sf at peak day flow or 3 
gpm/sf at normal flow, whichever is greater, 
• the filter area is oversized by 25 percent to 
account for backwashing requirements, 
• the filtration facilities are used 100 percent 
of the time but the fine screening of split 
flow is done only 10 percent of the time, 
• filter influent pumping is assumed to be 
necessary, but the cost is not included here as 
it would be a common cost for each peak flow 
situation, regardless of the split decision. 
A comparison of annual costs for those components which 
are affected by the split treatment decision is presented in 
Table 9. It is evident that the economics of dual use split 
treatment are much different than for separate split 
treatment. Split treatment implemented in this dual use 
filtration form actually decreases the cost of the 
conventional facilities while adding very little cost for the 
split treatment itself. For the conditions examined here, a 
net saving of from 6 to 31 percent (based on the flow 
sensitive components) could be realized depending on the 
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Table 9. Estimate® of annual costs for wastewater treatment 
using dual function split treatment 
Annual Costs, $l,000/yr 
Split flow, Peak flow, mgd 
mgd 20 30 40 50 
0 530.5 613.8 697.0 833.1 
5 497.3 580.6 
10 541.6 624.8 761.0 
15 503.7 
20 549.0 685.4 
30 609.4 
Costs include primary clarification, final 
clarification, return activated sludge pumping, fine 
screening, and filtration. 
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magnitude of the peak flow and amount of flow split. 
Typically, secondary wastewater filtration is sized for 
about 3 gpm/sf at average flow. Then, peak flows of 4-5 
times average could be handled with this dual-function split 
treatment mode without having to increase the filter area. 
Split treatment with primary effluent filtration 
Yet another interesting and potentially advantageous 
flow scheme into which split treatment can be readily 
accommodated is one involving primary effluent filtration 
preceding an activated sludge system. As illustrated in 
Figure 23, under normal flow conditions the raw wastewater 
passes through primary treatment, then through filtration, 
and on to the activated sludge system. Because significant 
BOD is removed by the primary effluent filtration, the 
aeration capacity of the activated sludge system can be 
reduced. 
During periods of peak flow, all flow receives primary 
treatment, but only flow in excess of what can be 
satisfactorily handled in the activated sludge system is 
diverted to primary effluent filtration. The filtered flow 
is than combined with the activated sludge system effluent. 
Under peak flow conditions, a portion of the organic 
load is diverted to split treatment rather than to the 
activated sludge unit. As a result, the organic loading to 
the aeration basin is not necessarily increased even though 
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Figure 23. Dual function split treatment with primary 
effluent filtration 
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the flow to the activated sludge process is not filtered 
first as it is during normal flow conditions. As an example 
of this situation, the BOD load to aeration under normal flow 
conditions would be 7000 lb/day (assuming a flow of 10 mgd, 
an influent BOD of 200 mg/1 of which 1/3 is soluble, 55 
percent removal of suspended BOD in primary clarification, 
and 71 percent removal of suspended BOD in primary effluent 
filtration). At a 2:1 peak flow condition, assuming all the 
flow is still passed through primary effluent filtration, the 
performance of the primary clarifier and filtration would 
drop due to the higher hydraulic loading, and the BOD load to 
the aeration basin would increase to 7,800 lb/day. At a 3:1 
peaking condition, if the flow to the activated sludge system 
is restricted to 20 mgd, the BOD load would increase somewhat 
more to 8,500 lb/day. Finally at a 4:1 peaking condition, 
again with the flow limited to 20 mgd through the activated 
sludge process, the BOD load to that process would be only 
6,800 lb/day. Therefore, it is seen that during high flow 
conditions (30 mgd) when primary effluent filtration is not 
used, the organic load to aeration would be only 10 percent 
greater than just before the split treatment is initiated (at 
20 mgd). There would typically be enough excess capacity in 
the aeration system to handle this variation in load. 
Actually, with split treatment using primary effluent 
filtration, a more constant organic load can be maintained on 
the activated sludge system during split treatment than would 
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be possible with separate split treatment or split treatment 
with secondary effluent filtration. This would be beneficial 
in maintaining solids inventory and controlling SRT with less 
potential for sludge settling problems. 
The expected treatment performance of split treatment 
implemented in this way would be similar to separate split 
treatment. Table 10 compares the results obtained using the 
EQSIM program for the two systems under the same flow 
conditions. In both cases, primary clarification was sized 
for 800 gpd/sf at 10 mgd, secondary clarification at 500 
gpd/sf at 10 mgd, and filtration at 12 gpm/sf at a flow of 20 
mgd. While a 6-day SRT was used for both, the volume of the 
aeration basin used in conjunction with the primary effluent 
filtration scheme was 1.67 mil gal or 2/3 the volume used for 
the other activated sludge system. 
Simulation of the treatment performance of the two 
systems did, however, indicate that at the higher flows the 
solids loss from the system using primary effluent filtration 
would exceed production, which could have negative 
implications for process stability if the high flows were of 
extended duration. According to the model formulation, 
actions to remedy this situation would be to increase the 
aeration basin volume to reduce MLSS concentrations, increase 
final clarifier area, or increase the primary effluent 
filtration area to reduce the organic loading to the system. 
The economics of split treatment for a primary effluent 
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Table 10. Comparison of effluent BOD produced from activated 
sludge systems employing separate split treatment 
and primary effluent filtration split treatment 
Flow, Effluent BOD, mg/1 
mg/1 System 2^ System 4 
10 15.9 14.9 
20 26.0 23.5 
30 23.7 27.9 
40 21.5 23.6 
^Activated sludge system with separate split treatment. 
^Activated sludge system with primary effluent 
filtration split treatment. 
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filtration system would be similar to the situation examined 
earlier in which dual function split treatment was 
incorporated with secondary effluent filtration. That is, 
the cost of implementing split treatment would be nominal 
while allowing for the reduction in cost of other process 
units. This situation will be examined in more detail in the 
next section. 
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CASE STUDY FOR AMES, IOWA 
Background 
Up to this point, various hypothetical situations have 
been used to demonstrate key aspects of split treatment. It 
may also be helpful to examine a specific case in order to 
illustrate the applicability of the concept. This case study 
is based on the situation encountered at Ames, Iowa. 
Ames is a community of 45,000 located in central Iowa. 
Iowa State University, with a student enrollment of 
approximately 25,000, is located in Ames. Local industry 
consists of several light manufacturing concerns and no wet 
industries. 
The existing water pollution control plant is a single 
stage trickling filter facility with anaerobic sludge 
digestion. The plant was constructed in 1950 and has had no 
major additions since. Treated wastewater is discharged to 
the Skunk River. Final effluent standards established under 
the NPDES program require that the effluent BOD not exceed 10 
mg/1 on a monthly average and 15 mg/1 for any single day; 
effluent suspended solids must not exceed 20 mg/1 on a 
monthly average and 30 mg/1 for a single day; effluent 
ammonia nitrogen is limited to 2 mg/1 monthly average (3 mg/1 
for maximum day) in the summer and 5 mg/1 monthly average 
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(7.5 mg/1 for maximum day) in the winter. Effluent 
limitations are also expressed in terms of mass loadings. 
The facility planning process under PL 92-500 began in 
1975 and was completed in 1980 after being protracted by 
weather-related delays in the SSES (Sanitary Sewer Evaluation 
Survey) phase and by public controversy in the final stages. 
At the time this study was made, the project was facing an 
uncertain future pending grant funding. 
The facilities plan (Rieke Carroll Muller Associates, 
Inc., 1979) recommended the construction of a new 10 mgd 
advanced secondary treatment facility 3.5 miles downstream 
from Ames on the Skunk River. The new plant would consist of 
screening and grit removal units, a raw wastewater pump 
station, a flow equalization basin, primary clarifiers, 
high-rate plastic media trickling filters with recirculation 
pumping, intermediate clarifiers, an activated sludge 
nitrification system with final clarifiers and return sludge 
pumps, granular media effluent filters, chlorination 
facilities, sludge thickeners, anaerobic digesters, and 
equipment for land application of digested sludge. Cost of 
construction was estimated at approximately $28,000,000 with 
annual operation and maintenance costs expected to be about 
$1,000,000 (all 1979 basis). 
The projected design flows (Table 11) were developed by 
the city and its consultants following detailed study of the 
sanitary sewer system. One of the conclusions of the SSES 
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Table 11. Projected design year flows for Ames, Iowa® 
With 
foundation 
dra in 
removal 
Without 
foundation 
drain 
removal 
Annual average, mgd 
Peak month average, mgd 
Peak 7-day average, mgd b 
Peak day, mgd 
Peak hour, mgd 
8.1 
10.9 
13.0 
13.8 
21.4 
8.3 
11.7 
14.7 
15.9 
27.7 
a 
From Rieke Carroll Muller Assoc., Inc. (1979). 
Estimated from facility plan information. 
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was that substantial flows were contributed to the sewer 
system by foundation drain inflow sources. The plan 
recommended removal of 45 to 62 per cent of the foundation 
drain sources to provide the most cost-effective combination 
of sewer rehabilitation and treatment. Without removal of 
the foundation drain inflow, wastewater flow volumes would be 
considerably higher and treatment costs would increase. 
The three year period following completion of the 
facility plan has seen little activity toward removal of 
foundation drain inflow from the system. Such a program is 
uncommonly difficult to implement because of the large number 
of individual sources located on private property. Based on 
these circumstances and on the realization that infiltration 
and inflow correction programs are often unable to fulfill 
initial expectations, the higher flow rate projections 
corresponding to minimal correction of infiltration/inflow 
may be more appropriate. 
Using these flow projections, the various peaking 
factors can be determined. Figure 24 presents a plot of 
peaking ratios for different peaking period durations. The 
peaking ratio represents the average flow ratio during the 
associated period. For example, the peaking ratio for the 
maximum 7-day period is 1.75, indicating that the flow during 
this period would be expected to average 1.75 times the 
annual average. Sizes of the major treatment units for the 
proposed Ames facility are shown in Table 12. Those units 
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Figure 24. Projected hydraulic peaking conditions for the 
Ames, Iowa water pollution control plant 
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Table 12. Treatment unit sizes for conventional treatment at 
Ames, Iowa 
Treatment unit Size Flow-based size criteria 
Equalization ® 3 mil gal — —  
Primary clarifiers 13,250 sf 1,200 gpd/sf at peak day 
Trickling filters & 6,636 sf — —  
Intermediate 
clarifiers 13,250 sf 1,200 gpd/sf at peak day 
Aeration basin & 3.23 mil gal —  —  
Final clarifiers 19,875 sf 800 gpd/sf at peak day 
Granular media 
filters 2,760 sf 4 gpm/sf at peak day 
^Size as proposed in facility plan. 
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sized according to flow have been adjusted from the facility 
plan proposal to account for the higher design flows used 
here. However, less conservative sizing criteria are used 
here to reduce any subsequent bias toward split treatment. 
The equalization facility would tend to smooth out daily 
fluctuations, so the maximum flow through the downstream 
units would be the peak day rate of 15.9 mgd. Because the 
hourly variations are dampened, it would seem reasonable that 
the loadings of clarifiers and filters could be higher than 
traditionally used for design average rates. At the same 
time, peak loadings should be less than the conventional peak 
loading criteria, because the peak loads in this case are 
sustained for one or more days rather than a few hours. As 
an example, traditional primary clarifier design criteria 
might call for an 800 gpd/sf hydraulic loading at average 
flow or 1,600 gpd/sf at peak flow. As a compromise for 
sustained peaks, a hydraulic loading of 1,200 gpd/sf could be 
used. 
Split Treatment Using Secondary Effluent Filtration 
Using these same criteria, one can determine the size of 
treatment units required under various split flow conditions 
using split treatment with secondary effluent filtration. 
The facility sizes are shown in Table 13 for split policies 
of limiting flow through the conventional train to flows 
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Table 13. Treatment unit sizes for different split treatment 
polioies 
Flow-related Size of unit when maximum flow (mgd) 
treatment through conventional train is; 
unit 
15.9 15 14 13 12 
Equalization 
mil gal 
3 
"" 
Primary clarifiers, 
sf 
13,250 12,500 11,667 10,833 10,000 
Intermediate 
clarifiers, sf 
13,250 12,500 11,667 10,833 10,000 
Final clarifiers, sf 19,875 18,750 17,500 16,250 15,000 
Sludge pumping, mgd 7.95 7.5 7.0 6.5 6.0 
Fine screening, mgd — — 12.7 13.7 14.7 15.7 
Granular media 2,760 2,760 2,760 2,760 2,760 
filtration, sf 
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ranging from peak day (15.9 mgd) down to about peak month (12 
mgd). The split treatment flow scheme would involve 
splitting flows that exceed specified levels preceding 
primary treatment. During high flow periods, the split flow 
would be passed through a fine screen for gross solids 
removal and then would be blended with the activated sludge 
process effluent prior to filtration. 
The filtration facilities would receive the same flow 
rate regardless of the split decision. There is no increase 
or decrease in filter size due to flow splitting. The 
decision to provide flow splitting would involve an 
additional cost associated with the fine screening and would 
result in decreased costs for primary, intermediate, and 
final clarification and return sludge pumping. It can also 
be argued that by using split treatment to limit the flow 
peaks through the primary and biological treatment stages, 
the equalization basin could be eliminated. Without flow 
equalization the peak hydraulic loading on the filter as 
sized would be 7 gpm/sf instead of 5 gpm/sf, but this loading 
is in the lower range of those encountered in high rate 
filtration and should pose no problem due to its short 
duration. 
On this basis, the cost of the flow-related treatment 
units can be calculated using the cost function developed 
earlier. These are presented in Table 14. The equalization 
cost for the no-split policy is calculated assuming a 
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Table 14. Estimated annual costs for selected treatment 
units under various split treatment policies 
Treatment unit Annual cost {$1000/yr) when maximum flow 
(mgd) through conventional train is: 
15.9 15 14 13 12 
Equalization 74.3 
Primary 102.5 98.0 93.0 88.0 83.0 
clarifiera 
Intermediate 102.5 98.0 93.0 88.0 83.0 
clarifiers 
Final 127.4 121.8 115.7 109.6 103.4 
clarifiers 
Return sludge 48.8 46.7 45.5 44.3 43.0 
pumping 
Fine screens — 13.0 13.7 14.5 15.3 
TOTAL 455.5 377.5 360.9 344.4 327.8 
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10-ft-deep earthen basin with power costs incurred 1 per cent 
of the time. The percent utilization assumption for the fine 
screening ranged from 1 to 10 percent. In all cases, the 
cost of split treatment in this dual function mode is less 
than conventional treatment alone. 
The treatment performance of these various situations 
can be simulated using the EQSIM model. For this analysis, 
the simulation is done at a constant SRT of 10 days. 
Influent wastewater characteristics selected for evaluation 
are the peak day flow of 15.9 mgd and the projected peak 
month BOD load of 16,150 lb/day. Clarifier and filter areas 
are selected according to Table 13; all other parameters are 
set at the model default values. The results of this 
simulation are presented in Table 15. From this simulation, 
it is seen that the effluent concentration standards for the 
maximum day could be met by designing for split treating 
flows in excess of 13 mgd. 
The proper sizing of the granular media filter can be 
determined by investigating the cost and performance at 
various filter loadings. The results of such an analysis are 
presented in Figure 25. The results indicate that for any 
given split policy for the hydraulic loading examined, the 
sizing of the filter has more effect on costs of treatment 
than on performance. From Figure 25, it may be concluded 
that when flows in excess of 13 mgd are split, the filter can 
be sized at 5 gpm/sf (peak day basis) to reduce costs and 
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i|_ XX ANNUAL COST, $1000 
(XX) EFFLUENT BOD, mg/1 
COSTS INCLUDE ALL CLARIFIERS, RETURN SLUDGE PUMPING, 
FILTRATION, AND SCREENING 
I I I I L 
12 13 14 15 
FLOW THROUGH CONVENTIONAL TRAIN, MGD 
16 
Figure 25. Effluent BOD and costs of selected treatment units 
as a function of split policy and filtration area 
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Table 15. Simulated effluent quality at peak day flow for 
various split treatment policies. 
Maximum daily flow through BOD, SS, 
conventional train, mgd mg/1 mg/1 mg/1 
12 17.4 9.8 4.1 
.13 14.7 8.7 3.2 
14 11.9 7.7 2.2 
15 9.1 6.7 1.3 
15.9 6.7 5.8 0.5 
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still meet the BOD effluent standard. 
The 13 mgd flow limit represents a peaking factor of 
1.57. From Figure 25, it may be determined that this peaking 
load would have a sustained duration of about 18 days. The 
question then arises as to whether the design proposed to 
meet the maximum day standard could also satisfy the 30-day 
average standard. To evaluate this condition, the peak month 
performance may be simulated. In this case, however, rather 
than assuming a constant SRT, the analysis uses the version 
of the EQSIM program which attempts to maintain a constant 
solids level after starting with a 10-day SRT. Treatment 
unit sizes used are as presented in Table 12, except the 
filter size used is 2208 sf, corresponding to a 5 gpm/sf 
loading at peak day flows. The program default values are 
used for all other parameters. 
To simulate daily flows for the design year peak month, 
flows from a 3 0-day wet period in 1979 (a wet year) are used 
as a point of beginning. Because the design year annual 
average is 2.0 mgd greater than the annual average for 1979, 
a base flow of 2.0 mgd is added to each daily flow of the 
1979 record. Doing so, however, increases the peak day flow 
to 17.0 mgd compared to the projected design peak day flow of 
15.9. Therefore, any daily flow greater than 15.9 mgd is 
reassigned the value of 15.9. The resulting peak month daily 
flows are shown in Table 16. The average of these 30 flows 
is 11.47 mgd compared to the projected peak month average of 
151 
Table 16. Results of simulated treatment for a peak 30-day 
period 
Day Influent Influent Effluent Effluent Effluent 
Flow, mgd BOD, mg/1 BOD, mg/1 SS, mg/1 NH^-N, 
mg/1 
1 7.8 
2 7.8 
3 7.5 
4 7.5 
5 9.0 
6 9.5 
7 8.7 
8 8.7 
9 9.7 
10 10.8 
11 15.9 
12 15.9 
13 15.5 
14 13.0 
15 15.0 
16 15.9 
17 15.0 
18 14.0 
19 12.5 
20 12.0 
21 11.5 
22 12.5 
23 12.0 
24 11.0 
25 10.5 
26 11.0 
27 11.0 
28 11.0 
29 11.0 
30 11.0 
'9. 11.45 
248 5.5 
248 5.5 
258 5.3 
258 5.3 
215 6.2 
204 6.5 
222 6.0 
222 6.0 
200 6.6 
179 7.1 
122 15.7 
122 15.7 
125 15.0 
149 8.2 
129 13.9 
122 15.7 
129 13.9 
138 11.4 
155 7.9 
161 7.7 
168 7.4 
155 7.9 
161 7.7 
176 7.2 
184 7.0 
176 7.2 
176 7.2 
176 7.2 
176 7.2 
176 7.2 
177 8.6 
2.6 0.48 
2.6 0.48 
2.5 0.46 
2.5 0.45 
2.9 0.44 
3.1 0.45 
2.8 0.46 
2.8 0.46 
3.1 0.46 
3.4 0.47 
9.0 3.05 
9.0 3.07 
8.5 2.85 
4.2 0.63 
7.8 2.56 
9.0 3.13 
7.8 2.60 
6.2 1.82 
4.0 0.81 
3.9 0.82 
3.7 0.82 
4.0 0.82 
3.9 0.82 
3.6 0.84 
3.4 0.82 
3.6 0.79 
3.6 0.78 
3.6 0.78 
3.6 0.76 
3.6 0.76 
4.5 1.13 
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11.67 mgd. Similarly, the average of the highest seven 
consecutive flows is 15.2 compared to the projected peak 
seven day average of 14.7. Influent BOD concentrations are 
based on the projected average day peak month load of 16,150 
lb/day. 
The simulated effluent concentrations of BOD, suspended 
solids, and ammonia nitrogen are also listed in Table 16. It 
is noted that the 30-day average for each parameter is below 
the corresponding 30-day standard. Contrary to the earlier 
simulation using constant SRT, this particular simulation 
indicates that the peak day effluent BOD would slightly 
exceed the maximum day standard. Thus, it may be necessary 
to readjust the design slightly. 
In summary of this portion of the Ames analysis, it has 
been shown that designing to meet peak day standards will 
also permit achieving the 30-day average standard. The 
effluent suspended solids parameter poses no problem at all. 
It is the BOD and ammonia concentrations that are apt to 
control the design. The effluent ammonia concentration may 
or may not be a concern, depending on the seasonal ammonia 
standard. Since the peak month flow will usually occur in 
the early spring, the less stringent winter ammonia standard 
would still be in effect and the peak day effluent ammonia 
concentration should be below the standard. If problems do 
develop with high ammonia levels at peak day or near-peak day 
flows, low cost short-term remedies such as breakpoint 
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chlorination could be implemented. It should be noted at 
this point that a potential problem in using split treatment 
does exist if the regulatory agencies do not relax the 
requirement for a minimum 85 percent removal of pollutants or 
if mass loading standards are used. 
The decision to split treat flows in excess of 13 mgd as 
discussed here would result in a net annual savings of 
approximately $110,000, based on the reduction in size of all 
clarifiers and return sludge pumping and elimination of flow 
equalization. This is a 24 percent reduction in the cost of 
these flow-sensitive plant components. If the equalization 
facility is not eliminated, the savings still would be 
approximately $38,000/yr. For a plant with an estimated 
total annual cost of $2,900,000, this represents a savings of 
1 to 4 percent., 
Comparison of Split Treatment and Plow Equalization 
The Ames case presents an opportunity to consider the 
economics of split treatment compared to flow equalization. 
While it is recognized that long-term flow equalization is 
usually not cost effective, it is instructive to explore the 
sensitivity of equalization costs with respect to storage 
duration. Using data from Ames adds a sense of realism to 
the analysis. 
For this analysis, the synthetic daily flows for a peak 
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month condition listed previously in Table 16 can be used. 
The volume of equalization needed to limit flow to the 
conventional wastewater treatment train may be determined by 
noting the duration and magnitude by which the daily flows 
exceed any specified limit. An accounting of cumulative 
volume provides an estimate of the length of time that the 
equalization basin will be in use. From this information, 
the cost of equalization can be estimated using the cost 
formulations developed previously. Equalization costs are 
based on use of a 10 ft deep earthen basin with mechanical 
mixing. 
Using the same flow data, the screening and filtering 
requirements can be determined for split treatment. Separate 
split treatment is used as the basis for comparison. 
The results of the analysis are shown in Table 17. It 
can be seen that, for the longer duration peak flows, even 
separate split treatment, which is the most expensive mode, 
is less costly than equalization. But for the shorter 
duration flow peaks, equalization is the more cost effective 
approach. For dual function split treatment, where the added 
cost for split treatment is small, equalization would be more 
costly than split treatment even for peaking conditions of 
shorter duration. 
Regardless of the economics, it must be noted that there 
are certain advantages to use of flow equalization that 
cannot be realized through split treatment. When peak flows 
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Table 17. Comparison of flow equalization and separate split 
treatment for Ames (for excess flow period. Table 
16) 
Maximum flow (mgd) through 
conventional treatment 
15 14 13 12 
Consecutive days flow is 3 3 8 10 
equalled or exceeded 
Total days flow is 4 6 8 10 
equalled or exceeded 
Volume of flow in excess of 2.3 5.3 16.2 24.7 
the specified limit, mil gal 
Number of days equalization 8 13 19 31 
is in use 
Peak flow to split 12.7 13.7 14.7 15.7 
treatment, mgd & 
Filter area required 735 793 850 909 
(at 12 gpm/sf), sf 
Cost of equalization 65.7 108.6 269.0 415.4 
$l,000/yt 
Cost of separate split 114.3 120.6 126.7 132.9 
treatment, $l,000/yr " 
^Peak hour wastewater flow is 27.7 mgd. 
'^Screening plus high rate filtration. 
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are equalized, all wastewater is eventually subjected to the 
full treatment provided by the entire system. This does not 
occur with split treatment. Therefore, the overall removal 
of pollutants should be greater for those systems using 
equalization. Furthermore, having equalization in a flow 
scheme may provide benefits during normal flow periods by 
smoothing out diurnal flow and load peaks. Providing 
equalization for normal diurnal peaks and split treatment for 
the wet weather peaks would, perhaps, offer the best of both 
systems. 
Split Treatment Using Primary Effluent Filtration 
Another possibility for the Ames plant would be to 
incorporate primary effluent filtration in the split 
treatment flow scheme. This process is a relatively new 
concept being researched at the University of 
California-Davis (Matsumoto et al., 1980) and being developed 
by several filter manufacturers. There are several 
advantages in using such a process. First, since primary 
effluent filtration would diminish the organic load to 
secondary treatment, the biological treatment could be 
reduced from the proposed two stages to only one stage. 
Thus, the trickling filters, associated recycle pumping, and 
the intermediate clarifiers could be eliminated, and the 
activated sludge system would be designed for combined 
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carbonaceous BOD removal and nitrification. 
Several possibilities exist for split treatment with 
this flow scheme. One of these, illustrated in Figure 26, 
would be to size the primary effluent filters so that the 
peak flow could be accommodated. Thus, peak flows would be 
split following primary effluent filtration and split flow 
would be blended with filtered secondary effluent (system A). 
Another scheme would be to use the primary effluent filters 
just for split treatment at high flows (system B). 
In system A, the benefits of split treatment would 
accrue from the reduction in size of the final clarifiers, 
return sludge pumping, and secondary effluent filters and the 
possible elimination of equalization. Facility sizes for this 
alternative are given in Table 18. Because of the topography 
at the proposed site, pumping to or from primary effluent 
filtration would not be necessary. 
With these process sizes, the hydraulic loading on 
primary effluent filtration would increase from 5 gpm/sf at 
the peak month flow to 6.8 gpm/sf at the peak day flow and 
11.8 gpm/sf at the peak hour flow. Thus, even at peak hour 
flow without equalization, the filter hydraulic loading would 
be within an acceptable limit. 
In system B, the organic load to the aeration basin 
during a peak flow condition would be greater than for system 
A. In system A, for example, for the process sizes presented 
in Table 18 and using the EQSIM formulations for treatment 
SYSTEM A 
ACTIVATED 
SLUDGE 
PRIMARY 
EFFLUENT 
FILTRATION 
SECONDARY 
EFFLUENT 
FILTRATION 
PRIMARY 
CLARIFICATION 
FINAL 
CLARIFICATION 
EXCESS FLOW 
SYSTEM B 
/ / y / y / / / 
PRIMARY PRIMARY ACTIVATED FINAL SECONDARY 
CLARIFICATION EFFLUENT * SLUDGE * CLARIFICATION * EFFLUENT 
FILTRATION / / FILTRATION 
NORMAL FLOW CONDITION 
"1 
EXCESS FLOW 
ACTIVATED 
SLUDGE 
SECONDARY 
EFFLUENT 
FILTRATION 
PRIMARY 
EFFLUENT 
FILTRATION 
PRIMARY 
CLARIFICATION 
FINAL 
CLARIFICATION 
PEAK FLOW CONDITION 
Figure 26. Split treatment at Ames using primary effluent filtration 
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Table 18. Ames treatment unit sizes using primary effluent 
filtration split treatment 
Treatment Unit Size Basis 
Preliminary 
treatment 
Raw pumping 
Primary 
clarification 
Primary effl. 
filtration 
Aeration basin 
Return sludge 
pumping 
Final 
clarification 
Secondary effl. 
filtration 
27.7 mgd 
27.7 mgd 
13,859 sf 
1,625 sf 
3.0 mil gal 
varies 
varies 
varies 
peak hour 
peak hour 
2,000 gpd/sf at peak 
hour 
5 gpm/sf at peak month 
12 gpm/sf at peak hour 
10-day SRT, 1500 mg/1 
MLVSS 
50% of peak flow 
800 gpd/sf at peak day 
5 gpm/sf at peak day 
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performance, it is determined that the BOD load to aeration 
at peak month flow (11.7 mgd) and peak month load (16,250 lb 
BOD/day) conditions is 7,125 lb/day. At peak day flow (15.9 
mgd) with a peak month BOD load, the BOD load to aeration is 
7,825 lb/day. For system B, the peak month load is 7,125 
lb/day, but the peak day load is 9,325 lb/day, assuming a 
split of flow greater than 13 mgd. Thus, a larger aeration 
system for system B would be required than for system A. All 
other processes would be the same size as for system A. 
An advantage of system B would be the lower hydraulic 
loading on the primary effluent filter during split 
treatment, permitting higher treatment efficiencies for the 
split treatment train. At the flows projected for Ames, the 
split treatment efficiencies for the two systems differ by 15 
percentage points and the estimated BOD concentration in the 
treated split stream would be 12 percent (7 mg/1) better for 
system B. However, since the split flow constitutes less 
than 20 percent of the total flow at peak day conditions 
(assuming a split flow of 2.9 mgd) the net advantage in final 
effluent quality from system B would be rather small. 
Therefore, for Ames it would seem that the system B 
arrangement would offer no particular advantage over system 
A. In fact, it would be more costly due to the added 
aeration requirements. On this basis, then, the costs of 
system A treatment using primary effluent filtration split 
treatment can be compared with the treatment scheme using 
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only conventional treatment as proposed in the facility plan. 
In order to make a valid comparison of the two systems, 
some resizing of the process units of the facility plan 
proposal is necessary to compensate for the larger flows used 
here as well as to assure that equivalent sizing criteria are 
applied to both systems. Table 19 displays the basic sizing 
information. Determination of the aeration basin and blower 
requirements was accomplished using the activated sludge 
system subroutine from the EPA EXEC program (Rossman, 1979) 
to assure a consistent analysis between the two systems. As 
expected, the aeration basin volume and air requirements are 
greater for the activated sludge process following primary 
effluent filtration than for the system following trickling 
filter treatment because of the higher BOD load to aeration. 
Also, the design of the system using primary effluent 
filtration assumes that flow greater than 13 mgd is split 
around the activated sludge system and the secondary effluent 
filter. 
The costs of the two systems are compared in Table 20. 
It is seen that by replacing the first stage of biological 
treatment with the primary effluent filtration process, which 
is also used for split treatment, a $200,000 per year 
reduction is achieved in the cost of the liquid treatment 
train. This represents a 12.5 percent savings figured on the 
complete liquid treatment train. 
A treatment performance simulation (at a constant SRT of 
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Table 19. Sizing comparison of two treatment systems for 
Ames 
Treatment unit Facility plan 
scheme & 
Split treatment 
scheme 
Equalization 
Pr ima ry 
clarification 
Primary effluent 
filtration 
Trickling filters 
Trickling filter 
clarification 
Aeration basin 
Aeration blowers 
Return sludge 
pumping 
Final 
clarification 
Secondary effluent 
filtration 
3 mil gal 
13,850 sf 
133,000 cf 
14,625 sf 
2.4 mil gal 
21,600 cfm 
7.95 mgd 
19,875 sf 
2,208 sf 
13,850 sf 
1625 sf 
3.0 mil gal 
26,660 cfm 
6.5 mgd 
16250 sf 
1,805 sf 
^Primary clarification, trickling filters, activated 
sludge, secondary effluent filtration. 
'^Primary clarification, primary effluent filtration 
split treatment, activated sludge, secondary effluent 
filtration. 
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Table 20. Cost comparison of two treatment systems for Ames 
Treatment unit Estimated annual costs, $l,000/yr 
Facility plan Split treatment 
scheme scheme 
Capital Operating Capital Operating 
Raw pumping^ 76.0 54.1 76.0 54.1 
Preliminary 
treatment® 
28.2 27.7 28.2 27.7 
Equalization 41.7 39.8 
Primary clarification 85.1 21.0 85.1 21.0 
Primary effl. 
filtration 
— — 
— — 149.5 33.4 
Trickling filter 134.9 12.1 
Pumping 47.4 43.3 
Intermediate 
clarification 
89.1 21.7 — — 
Aeration basin 150.2 71.5 183.5 81.3 
Blowers 50.6 208.5 58.5 257.5 
Return sludge pumping 27.8 20.1 24.2 20.1 
Final clarification 101.6 25.8 86.6 22.9 
Effluent filtration 188.7 41.6 161.9 35.9 
Sub-total 1,021.4 587.1 853.5 553.8 
Total 1,608 .5 1,407 .3 
^Estimated directly from CAPDET. 
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10 days) for the two systems indicates that at peak month 
conditions the system with primary effluent filtration 
produces a slightly higher effluent BOD than the two stage 
biological treatment system as sized (7.4 mg/1 versus 6.3 
mg/1) and a slightly higher effluent suspended solids 
concentration (6.3 mg/1 versus 4.6 mg/1). Effluent ammonia 
nitrogen levels are the same for both systems (0.5 mg/1). At 
peak day flow conditions, with peak month BOD and solids 
loadings, the effluent BOD, suspended solids, and ammonia 
nitrogen concentrations are 7.5, 7.8, and 0.5 mg/1, 
respectively, for the two stage biological treatment system. 
For the split treatment system, assuming a split of flow 
exceeding 13 mgd, the peak day performance is 15.6, 10.0, and 
3.2 mg/1 for BOD, suspended solids, and ammonia nitrogen, 
respectively. This suggests that the split treatment system 
could meet the BOD and solids effluent standards, and 
possibly the ammonia standard depending on the time of year 
of the peak day occurrence. Again, if a problem developed 
with the ammonia standard, some form of threshold treatment 
such as breakpoint chlorination could be used on a short term 
basis. 
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SUMMARY AND CONCLUSIONS 
An evaluation has been made concerning the use of split 
treatment as a method for coping with peak wastewater flows. 
As used in this study, split treatment refers to flow schemes 
in which the rate of flow through certain portions of the 
treatment facility are maintained below some limiting value 
by diverting flows in excess of that limit to other treatment 
units which have less performance sensitivity to high flows. 
A review of the literature, as well as the author's own 
experience, indicated that split treatment is generally not 
considered in the planning of wastewater treatment facilities 
for cities with separate sanitary sewers. 
Since the approach has received little attention, the 
first matter of concern was to formalize and characterize the 
concept. Using a systems perspective, the split treatment 
concept was defined and the major system elements and their 
relationships were identified. Those factors judged to have 
important roles in split treatment decisions were: 
• raw wastewater strength characteristics, 
• magnitude, duration and frequency of flow 
peaks, 
• type of split treatment process employed, 
® type of conventional treatment with which split 
treatment is to be interfaced, 
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• amount of flow to be split, 
# level of treatment to be provided, 
• effluent standards, and 
# costs of treatment. 
Subsequently, each of the major elements was explored in 
more detail to provide a basis for understanding its 
significance with respect to split treatment. 
Literature pertaining to treatment of combined sewer 
overflows suggests several techniques for treating 
peaking-type flows. Considering the merits and limitations 
of each of the various processes identified, high rate 
filtration was noted as having many of the desirable features 
for split treatment application. Subsequent evaluation of 
the concept focused on incorporating high rate filtration 
into the split treatment scheme. 
Analysis of the ability of high rate filtration split 
treatment to meet effluent standards was performed in two 
ways. First, the treatment performance requirements of split 
treatment were determined in a general way by considering the 
relationship between split treatment performance, 
conventional treatment performance, and the fraction of split 
flow as described by a simple mass balance taken at the point 
of mixing of the split treatment and conventional treatment 
flow streams. Comparison of the required high rate 
filtration performance and the performance capabilities as 
suggested by the literature indicated that high rate 
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filtration could, under appropriate conditions, be used as a 
method of split treatment while meeting effluent parameter 
concentration limits dictated by discharge permits. 
The second procedure developed to analyze split 
treatment performance was in the form of a simple computer 
model that could account for many of the variables that 
affect treatment performance. This model was applied to 
several wastewater treatment situations to determine the 
sensitivity of overall performance to certain parameters. It 
was found that split treatment offered little improvement in 
treatment performance (as measured by BOD removal) for plants 
providing plastic-media trickling filter treatment. On the 
other hand, for plants using activated sludge processes, it 
was determined that split treatment is an effective means of 
reducing hydraulic overloads due to peak flows. 
The effect of the distribution of BOD between soluble 
and particulate forms was examined. As might be expected, 
the modeling indicated that the performance benefit of split 
treatment was reduced as the soluble fraction of BOD 
increased. Also, for the activated sludge system, higher 
mixed liquor solids levels, caused by increasing solids 
retention time or decreasing aeration basin volume, made the 
final clarifier more flow sensitive and split treatment 
benefits increased. Overall system performance was found to 
be only moderately sensitive to split treatment filtration 
rate. 
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The cost of split treatment by high rate filtration was 
also examined. For an activated sludge system, it was 
concluded that providing split treatment would result in cost 
savings only in primary clarification, final clarification, 
and return sludge pumping. On this basis, split treatment 
would have to reduce the peak flow through conventional 
treatment by 15 to 30 mgd before the cost of the separate 
split treatment facilities would be offset by the savings in 
conventional treatment. However, if dual function split 
treatment were used (for example, splitting peak flows to a 
secondary effluent filter), the costs were found to be less 
for split treatment regardless of the amount of flow split. 
The city of Ames, Iowa, was used for a case study of 
split treatment potential. A recently completed facility plan 
proposed constructing a new treatment plant with flow 
equalization, preliminary treatment, primary clarification, 
two stage trickling filter activated sludge treatment, and 
secondary effluent filtration. In the case study, it was 
determined that an annual savings of $110,000 could be 
realized by designing and operating the plant with dual 
function split treatment using secondary effluent filtration. 
This was a result of reducing primary, intermediate and final 
clarifier sizes, reducing return activated sludge pumping 
capacity and elimination of flow equalization. 
Using split treatment in conjunction with primary 
effluent filtration would permit elimination of trickling 
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filter treatment and equalization as well as reduction in 
size of final clarification. Doing so results in an 
estimated $200,000/yr savings, which is over 12 percent of 
the cost of the complete liquid treatment train. 
Performance modeling of the split treatment systems for 
Ames indicated that the simulated effluent quality could 
conç)ly with both monthly average and maximum day effluent 
BOD, suspended solids, and ammonia nitrogen concentration 
standards. However, mass loading standards would probably be 
violated. Concern for this problem should be lessened by 
considering the frequency of occurrence and the fact that 
there is general correlation between high receiving stream 
flows and high wastewater flows. 
From the examples and cases examined in this study, one 
may tentatively make the following generalizations. 
• Split treatment using high rate filtration offers 
some potential for reducing treatment costs when 
used in the dual function mode with either primary 
or secondary effluent filtration. 
• Under proper conditions, split treatment can be 
accomplished without violating effluent 
concentration standards for BOD and suspended 
solids. However, effluent mass loading limitations 
and requirements for 85 percent removal of 
pollutants probably cannot be met under many 
circumstances. 
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RECCMMENDATIONS FOR FURTHER STUDY 
As a result of this work, several areas have been 
identified in which it is believed further study may be 
beneficial. 
First, improvements can undoubtedly be made in the 
steady-state modeling of split treatment systems by 
incorporating better models for the various treatment 
processes. The matter of activated sludge clarification is 
one particular area that should be focused on in the search 
for improved performance formulations. 
Second, dynamic modeling of split treatment systems 
should be explored. Doing so would provide additional 
information regarding system response to various types of 
peaking conditions, and further benefits of split treatment 
may be elaborated. 
Third, further work regarding system optimization could 
be undertaken. The many variables influencing split 
treatment decisions offer a complex policy space which should 
be analyzed to find the best combination of process 
parameters and decisions. 
Finally, any work leading to a better design basis than 
the use of the seven-day, ten-year low flow for establishing 
year-around effluent standards would be fruitful. 
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APPENDIX A. INFORMATION ON CAPDET COST ESTIMATES 
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The following is an example of selected output from one 
of the numerous CAPDET runs used to generate the cost 
formulations used in this study. Examination of the output 
will reveal many of the conditions assumed in developing the 
various costs. The reader should note that lines of output 
preceded with an "I" indicate that the listed value was 
specified by the CAPDET user at the time of the computer run. 
Similarly, output lines preceded by a "D" indicate the value 
is the default value written in the program. 
*#*»*#***********»*»**#******«** 
* MISSISSIPPI STATE UNIVERSITY * 
* VERSION DATED 02/02/81 * 
*****#*********************#**** 
COMPLE 
F/M RATIO 0.3 
MIXED LIQUOR SS=3500 VS=2450 
END 
EQUALIZATION 
DEPTH 10.0 
END 
FILTRATION 
LOADING 5.0 GPM/SF 
LAYERS 1 
4.0 6.0 .5 .0065 7.0 1.4 
SIXTY PERCENT FINER SIZE 2.0 
POROSITY .5 
HEIGHT 8.0 
OPERATING DEPTH 8.0 
END 
A SECO 
SIDEWATER 12.0 
END 
N SECO 
SURFACE 500.0 
SIDEWATER 12.0 
END 
TRICKLING MOD 1 
EFFLUENT BOD 50 MG/L 
END 
TITLE GENERAL COST ESTIMATES 
LIQUID LINE 
BLOCK RAW SE 
BLOCK PRELIM 
BLOCK PRIMAR 
BLOCK PUMPIN 
BLOCK TRICKL 
BLOCK CHLORI 
SECOND 
BLOCK A MIX 
PRIMARY 
BLOCK ANAERO 
LIQUID LINE 
BLOCK RAW SE 
BLOCK PRELIM 
BLOCK PR IMAR 
BLOCK COMPLE 
BLOCK CHLORI 
SECOND 
BLOCK A MIX 
PR I MAR 
BLOCK ANAERO 
LIQUID LINE 
BLOCK RAW SE 
BLOCK PRELIM 
BLOCK PR IMAR 
BLOCK PUMP IN 
BLOCK TR1CKL1 
BLOCK NITRI F 
BLOCK FILTRA 
SECOND 
BLOCK A MIX 
PR IMAR 
BLOCK ANAERO 
WASTE INFLUENT 
AVERAGE FLOW 8.00 8.00 
MAXIMUM FLOW 27.0 
MINIMUM FLOW 4.00 
B0D5 200 
COD 400 
SCOD SOLUBLE 130 
DESIRED EFFLUENT 
UNIT COST DATA 
BUILDING 70.00 
WALL CONCRETE 300.00 
SLAB CONCRETE 125.00 
EXCAVATION 5.00 
MARSHALL AND SWIFT 717.7 
CRANE RENTAL 95.00 
CANOPY ROOF 25.00 
LABOR RATE 22.40 
OPERATOR 9.00 
ELECTRICITY .06 
CHEMICALS .04 .04 .2 3.30 
ENGINEERING NEWS RECORD INDEX 3562 
HANDRAIL 35.00 
PIPE COST INDEX 348.0 INSTALLATION LABOR 14.85 
EIGHT INCH PIPE COST PIPE 11.62 BEND 210.00 TEE 242.00 VALVE 1500.00 
LARGE CITY EPA INDEX 195 
SMALL CITY EPA INDEX 178 
LAND COST 10000 
CLEARING AND GRUBBING 
SITE ELECTRICAL 
YARD PIPING 
INSTRUMENTATION 
END 
CONTROL CARDS 
LIST 100 
ANALYZE 
OUTPUT QUANTITIES 
GO 9.00% 20.0 YR 2.0 YR 
COST ANALYSIS INPUT PARAMETERS 
INTEREST RATE 9.000 PERCENT 
PLANNING PERIOD 20 YEARS 
UNIT PRICES AND COSTS INDICES 
I BUILDING 70.00 $/SQFT 
I EXCAVATION 5.00 $/CUYD 
I WALL CONCRETE 300.00 $/CUYD 
I SLAB CONCRETE 125.00 $/CUYD 
I MARSHALL AND SWIFT INDEX 717.70 
I CRANE RENTAL 95.00 $/HR 
I EPA CONSTRUCTION COST INDEX 178.00 
I CANOPY ROOF 25.00 $/SQFT 
I LABOR RATE 22.40 $/HR 
I OPERATOR CLASS It 9.00 $/HR 
I ELECTRICITY 0.06 $/KWHR 
I CHEMICAL COSTS 
LIME 0.04 $/LB 
ALUM 0.04 $/LB 
IRON SALTS 0.20 $/LB 
POLYMER 3.30 $/LB 
I ENGINEERING NEWS RECORD COST INDEX 3562.00 
I HANDRAIL 35.00 $/FT 
I PIPE COST INDEX 348.00 
I PIPE INSTALLATION LABOR RATE 14.85 $/HR 
I EIGHT INCH PIPE 11.62 $/FT 
I EIGHT INCH PIPE BEND 210.00 $/UNIT 
I EIGHT INCH PIPE TEE 242.00 $/UNIT 
I EIGHT INCH PIPE VALVE 1500.00 $/UNIT 
CD 
to 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
H » * » * * * * * * * * * * * # * * * * * * * * * * * * * # * * * * * * * *  
*»»# SUPERNATANT FROM SLUDGE LINE PROCESSES ADDED TO LIQUID LINE 
FLOW (MGD) 
MAXIMUM 27.0560 
AVERAGE 8.0560 
MINIMUM 4.0560 
LIQUID CHARACTERISTICS 
TEMP (W) 
TEMP (S) 
PH 
10.0 C 
23.0 C 
7.6 
SOLIDS (MG/L) 
SUSPENDED 242.06 
VOLATILE 60.00 % 
SETTLEABLE 15.00 
OIL & GREASE 80.00 
CATIONS 160.00 
ANIONS 160.00 
B0D5 
B0D5S 
COO 
CODS 
P04 
(MG/L) 
205.56 
77.09 
412.16 
133.95 
18.00 
(MG/L) 
TKN 51.29 
NH3 29.34 
N02 0.0 
N03 0.0 
VOLUME (GAL/D) 
% SOLIDS 
% VOLATILE 
SLUDGE CHARACTERISTICS 
PRIMARY SECONDARY 
0 .0  0 .0  
0 . 0  0 . 0  
0.0  0 .0  
M 
00 
W 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 
INFLUENT 
FLOW (MGD) 
MAXIMUM 27.0000 
AVERAGE 8.0000 
MINIMUM 4.0000 
TEMP (W) 
TEMP (S) 
PH 
10.0 C 
23.0 C 
7.6 
LIQUID CHARACTERISTICS 
SOLIDS (MG/L) 
SUSPENDED 200.00 
VOLATILE 60.00 % 
SETTLEABLE 15.00 
OIL & GREASE 
CATIONS 
ANIONS 
80.00 
160.00 
160.00 
B0D5 
B0D5S 
COD 
COOS 
P04 
(MG/L) 
200.00 
75.00 
400.00 
130,00 
18.00 
(MG/L) 
TKN 45.00 
NH3 25.00 
N02 0.0 
N03 0.0 
SLUDGE CHARACTERISTICS 
PRIMARY SECONDARY 
VOLUME (GAL/D) 0.0 0.0 
% SOLIDS 0.0 0.0 
% VOLATILE 0.0 0.0 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
RAW SEWAGE PUMPING 
D DEPTH TO INFLUENT SEWER 0.150E 02 FEET 
D STATIC HEAD PUMPED 0.400E 02 FEET 
D NUMBER OF PUMPS 4 
D CONSTANT SPEED PUMPS SPECIFIED 
PEAK CAPACITY OF PUMPS 0.259E 02 MGD 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
H 
00 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 
QUANTITIES FOR RAW SEWAGE PUMPING 
CAPACITY PER PUMP 0.600E 
NUMBER OF CONSTANT SPEED PUMPS 
NUMBER OF VARIABLE SPEED PUMPS 
DIAMETER OF DISCHARGE HEADER PIPE 0.303E 
TOTAL DYNAMIC HEAD 0.556E 
SIZE OF SELECTED PUMP 0.160E 
SPECIFIC SPEED OF PUMP 0.457E 
PUMP ROTATING SPEED 0.105E 
BRAKE HORSEPOWER 0.109E 
SIZE OF SELECTED MOTOR 0.125E 
WIDTH OF PUMP SYSTEM 0.380E 
LENGTH OF PUMP SYSTEM 0.199E 
LENGTH OF THE DRY WELL 0.352E 
WIDTH OF THE DRY WELL 0.289E 
VOLUME OF WET WELL 0.163E 
WIDTH OF WET WELL 0.137E 
DEPTH OF THE PUMPING STATION 0.272E 
LENGTH OF THE PUMPING STATION 0.352E 
WIDTH OF THE PUMPING STATION 0.U26E 
MINIMUM DEPTH OF WATER IN WET WELL 0.625E 
VOLUME OF REINFORCED WALL CONCRETE 0.685E 
VOLUME OF REINFORCED SLAB CONCRETE 0.125E 
VOLUME OF EARTHWORK 0.203E 
AREA OF PUMP BUILDING 0.107E 
FIRM PUMPING CAPACITY 0.259E 
OPERATION MANPOWER REQUIRED 0.876E 
MAINTENANCE MANPOWER REQUIRED 0.734E 
TOTAL DYNAMIC HEAD - AVERAGE CONDITIONS O.UUIE 
ELECTRICAL ENERGY REQUIRED 0.620E 
0 & M MATERIAL AND SUPPLY COSTS 0.700E 
04 GPM 
4 
0 
02 INCHES 
02 FEET 
02 INCHES 
04 
04 REV/MIN 
03 HP 
03 HP 
01 FEET 
02 FEET 
02 FEET 
02 FEET 
04 CU FT 
02 FEET 
02 FEET 
02 FEET 
02 FEET 
01 FEET 
04 CU FT 
05 CU FT 
06 CU FT 
04 SQ FT 
02 MGD 
03 MAN-HRS/YEAR 
03 MAN-HRS/YEAR 
02 FEET 
06 KWHR/YEAR 
00 PERCENT 
FLOW (MGD) 
MAXIMUM 27.0560 
AVERAGE 8.0560 
MINIMUM 4.0560 
LIQUID CHARACTERISTICS 
TEMP 
TEMP 
PH 
(W) 10.0 C (S) 23.0 C 
7.6 
SOLIDS (MG/L) 
SUSPENDED 242.06 
VOLATILE 60.00 % 
SETTLEABLE 15.00 
OIL & GREASE 80.00 
CATIONS 160.00 
ANIONS 160.00 
B0D5 
B0D5S 
COD 
CODS 
P04 
(MG/L) 
205.56 
77.09 
412.16 
133.95 
18.00 
(MG/L) 
TKN 51.29 
NH3 29.34 
N02 0.0 
N03 0.0 
VOLUME (GAL/D) 
SLUDGE CHARACTERISTICS 
PRIMARY SECONDARY 
0.0  0 .0  
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
» » » * » » » » • » » * « » * » » * * * * * * » * « » * • * * » • * * * * »  
MECHANICALLY CLEANED BAR SCREEN 
0 BAR SIZE 
D BAR SPACING 
0 SLOPE OF BARS FROM HORIZONTAL 
HEAD LOSS THROUGH SCREEN 
D APPROACH VELOCITY 
D AVERAGE FLOW THROUGH VELOCITY 
D MAXIMUM FLOW THROUGH VELOCITY 
SCREEN CHANNEL WIDTH 
D AVERAGE CHANNEL DEPTH 
0.250E 00 
0.150E 01 
0.300E 02 
0.206E-01 
0.250E 01 
0.250E 01 
0.300E 01 
0.496E 01 
0.100E 01 
INCHES 
INCHES 
DEG 
FEET 
FT/SEC 
FT/SEC 
FT/SEC 
FEET 
FEET 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
M 
00 
<n 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
AERATED GRIT CHAMBER 
MAXIMUM FLOW 0.417E 02 
AVERAGE FLOW 0.12«»E 02 
MINIMUM FLOW 0.625E 01 
TEMPERATURE 0.100E 02 
D MAXIMUM FLOW THROUGH VELOCITY 0.186E 00 
D AVERAGE FLOW THROUGH VELOCITY 0.555E-01 
D SIZE SMALL. PART, 100% REMOVED 0.200E 00 
D SPECIFIC GRAVITY OF PARTICLE 0.265E 01 
D NUMBER OF UNITS 0.200E 01 
MAXIMUM FLOW/UNIT 0.208E 02 
D WIDTH OF CHANNEL 0.280E 02 
0 DEPTH OF CHANNEL O.UOOE 01 
LENGTH OF CHANNEL 0.280E 02 
SETTLING VELOCITY OF PARTICLE 0.105E 03 
D DETENTION TIME 0.250E 01 
VOLUME OF GRIT 0.322E 02 
D AIR SUPPLY 0.300E 01 
CFS 
CFS 
CFS 
DEG C 
FPS 
FPS 
MM 
CFS 
FEET 
FEET 
FEET 
FPS 
MIN 
CUFT/DAY 
CFM 
* * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * *  
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
» * • » * * « * # # * * * * * » * * « » * # » » * » * » » * » # » * * » • * •  
COMMINUTION 
D NUMBER OF UNITS 
DRUM DIAMETER 
DRUM RPM 
AVERAGE SLOT WIDTH 
HORSEPOWER/UNIT 
STANDARD HEIGHT 
STANDARD NET WEIGHT 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
0.200E 01 UNITS 
0.250E 02 INCHES 
0.250E 02 REV/MIN 
0.380E 00 INCHES 
0.150E 01 HP 
0.579E 01 FEET 
0.210E 04 POUNDS 
FLOW (MGD) 
MAXIMUM 27.0560 
AVERAGE 8.0560 
MINIMUM 4.0560 
TEMP (W) 
TEMP (S) 
PH 
10.0 C 
23.0 C 
7.6 
LIQUID CHARACTERISTICS 
SOLIDS (MG/L) 
SUSPENDED 242.06 
VOLATILE 60.00 % 
SETTLEABLE 15.00 
OIL & GREASE 
CATIONS 
AN IONS 
80.00 
160.00 
160.00 
B0D5 
B0D5S 
COD 
CODS 
P04 
(MG/L) 
205.56 
77.09 
412.16 
133.95 
18.00 
(MG/L) 
TKN 51.29 
NH3 29.34 
N02 0.0 
N03 0.0 M 00 
-J 
SLUDGE CHARACTERISTICS 
PRIMARY SECONDARY 
VOLUME (GAL/D) 0.0 0.0 
% SOLIDS 0.0 0.0 
% VOLATILE 0.0 0.0 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
* * * # * * « * » » » * » * » » » » « » * « * » » » * » » * » * • * • » « *  
PRIMARY CLARIFIER 
CIRCULAR CLARIFIER 
D SURFACE OVERFLOW RATE 0.100E 04 GAL/DAY/SOFT 
SURFACE AREA 0.806E 04 SQ FT 
D SIDE WATER DEPTH 0.900E 01 FEET 
DETENiION TIME 0.162E 01 HOURS 
SOLID LOADING 0.202E 01 LB/SQFT/OAY 
D WEIR LOADING 0.150E 05 GAL/DAY/FT 
WEIR LENGTH 0.18QE 04 FEET 
VOLUME OF SLUDGE PRODUCED 0.269E 05 GAL/DAY 
0 SUSPENDED SOLIDS REMOVAL 0.580E 02 PERCENT 
D BOD REMOVAL 0.320E 02 PERCENT 
D COD REMOVAL O.UOOE 02 PERCENT 
D TKN REMOVAL 0.500E 01 PERCENT 
D P0^ REMOVAL •0.500E 01 PERCENT 
# * « » * » * * * * « * « « « * * * « « * * * • • * » * » » » * * • * * * *  1 - i  
00 
00 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
QUANTITIES FOR SEDIMENTATION 
CIRCULAR CLARIFIER 
PRIMARY CLARIFIER 
EXCESS CAPACITY FACTOR 
CALCULATED SURFACE AREA 
ADJUSTED SURFACE AREA 
AVERAGE DAILY WASTEWATER FLOW 
NUMBER OF CIRCULAR CLARIFIERS 
NUMBER OF BATTERIES 
SURFACE AREA PER UNIT 
DIAMETER OF UNIT 
EARTHWORK REQUIRED 
SIDEWATER DEPTH 
THICKNESS OF THE SLAB 
WALL THICKNESS 
TOTAL WALL CONCRETE REQUIRED 
TOTAL SLAB CONCRETE REQUIRED 
MAINTENANCE MANPOWER REQUIRED 
OPERATION MANPOWER REQUIRED 
ELECTRICAL ENERGY REQUIRED 
0.100E 
0.806E 
0.806E 
0.806E 
0.U03E 
0.720E 
0.102E 
0.900E 
0.101E 
0.115E 
0.U77E 
0.806E 
0.U9UE 
0.899E 
0.974E 
01 
OU SQ FT 
04 SQ FT 
01 MOD 
2 
1 
04 SQ FT 
02 FEET 
06 CU FT 
01 FEET 
02 INCHES 
02 INCHES 
04 CU FT 
04 CU FT 
03 MAN-HOURS/YR 
03 MAN-HOURS/YR 
04 KWHR/YR 00 
vo 
FLOW (MGD) 
MAXIMUM 27.0560 
AVERAGE 8.0560 
MINIMUM 4.0560 
TEMP (W) 
TEMP (S) 
PH 
10.0 C 
23.0 C 
7.6 
LIQUID CHARACTERISTICS 
SOLIDS (MG/L) 
SUSPENDED 101.66 
VOLATILE 60.00 
SETTLEABLE 0.0 
OIL & GREASE 
CATIONS 
ANIONS 
80.00 
160.00 
160.00 
B0D5 
B0D5S 
COD 
CODS 
P04 
(MG/L) 
139.78 
77.09 
247.30 
133.95 
17.10 
(MG/L) 
TKN 48.73 
NH3 29.34 
N02 0.0 
N03 0.0 
SLUDGE CHARACTERISTICS 
PRIMARY SECONDARY 
VOLUME (GAL/D) 26928.55 0.0 
% SOLIDS 4.00 0.0 
% VOLATILE 60.00 0.0 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 
* » « * * » * * « * * * * * # # « « * » * * * * * * * » * « » * * #  
INTERMEDIATE PUMPING 
D PERCENT OF FLOW PUMPED 0.100E 03 PERCENT 
D DAYS PER WEEK 0.700E 01 DAYS 
D HOURS PER DAY 0.2U0E 02 HOURS 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 
QUANTITIES FOR INTERMEDIATE PUMPING 
AVERAGE DAILY PUMPING RATE 
TOTAL PUMPING CAPACITY 
DESIGN CAPACITY PER PUMP 
NUMBER OF PUMPS 
NUMBER OF BATTERIES 
AREA OF PUMP BUILDING 
VOLUME OF EARTHWORK REQUIRED 
FIRM PUMPING CAPACITY 
OPERATING MANPOWER REQUIRED 
MAINTENANCE MANPOWER REQUIRED 
ELECTRICAL ENERGY REQUIRED 
0. 806E 01 MGD 
0. 271E 02 MGD 
0. 939E 04 
3 
GPM 
0. 734E 
1 
03 SQ FT 
0. 587E 04 CU FT 
0. 806E 01 MGD 
0. 592E 03 MAN-HOURS/YR 
0. 502E 03 MAN-HOURS/YR 
0. 536E 06 KWHR/YR 
FLOW (MGD) 
MAXIMUM 27.0560 
AVERAGE 8.0560 
MINIMUM 4.0560 
TEMP (W) 
TEMP (S) 
PH 
10.0 C 
23.0 C 
7.6 
LIQUID CHARACTERISTICS 
SOLIDS (MG/L) 
SUSPENDED 101.66 
VOLATILE 60.00 % 
SETTLEABLE 0.0 
OIL & GREASE 
CATIONS 
ANIONS 
80.00 
160.00 
160.00 
B0D5 
B0D5S 
COD 
CODS 
P04 
(MG/L) 
139.78 
77.09 
247.30 
133.95 
17.10 
(MG/L) 
TKN 48.73 
NH3 29.34 
N02 0.0 
N03 0.0 
VOLUME (GAL/D) 
% SOLIDS 
% VOLATILE 
SLUDGE CHARACTERISTICS 
PRIMARY SECONDARY 
26928.55 0.0 
4.00 0.0 
60.00 0.0 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
TRICKLING FILTRATION 
* * * * * *  
D SOLID PRODUCTION RATE 
D HYDRAULIC LOADING RATE 
D SURFPAC MEDIA 
0 SPECIFIC SURFACE AREA 
REACTION RATE CONSTANT 
RECIRCULATION RATIO 
TOTAL HYDRAULIC LOADING RATE 
DEPTH OF FILTER TOWER 
NUMBER OF STAGES 
SURFACE AREA OF FILTER 
MEDIA VOLUME 
0.650E 00 LB/LB B0D5 
0.750E 00 GPM/SQFT 
0.260E 02 SQFT/CUFT 
0.156E-02 
0 . 0  
0.750E 00 GPM/SQFT 
0.210E 02 FEET 
1 
0.7H6E OU SQ FT 
0.156E 06 CU FT 
* * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * 
KD 
M 
GENERAL COST ESTIMATES 
QUANTITIES FOR TRICKLING FILTER 
NUMBER OF TOWERS 
VOLUME PER FILTER TOWER 
DIAMETER OF FILTER TOWER 
TOTAL NUMBER OF POSTS 
TOTAL LENGTH OF PRECAST BEAMS 
TOTAL REINFORCED WALL CONCRETE 
TOTAL REINFORCED SLAB CONCRETE 
TOTAL EARTHWORK REQUIRED 
OPERATIONAL MANPOWER 
MAINTENANCE MANPOWER 
ANALYZE 3 TRAIN NO 
0.782E 05 CU FT 
0.689E 02 FEET 
267 
0.401E 04 FEET 
0.921E OH CU FT 
0.U97E 04 CU FT 
0.926E 05 CU FT 
0.456E 03 MAN-HRS/YEAR 
0.393E 03 MAN-HRS/YEAR 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
QUANTITIES FOR SLUDGE RECYCLE PUMPING 
AVERAGE DAILY PUMPING RATE 
TOTAL PUMPING CAPACITY 
DESIGN CAPACITY PER PUMP 
NUMBER OF PUMPS 
NUMBER OF BATTERIES 
AREA OF PUMP BUILDING 
VOLUME OF EARTHWORK REQUIRED 
FIRM PUMPING CAPACITY 
OPERATING MANPOWER REQUIRED 
MAINTENANCE MANPOWER REQUIRED 
ELECTRICAL ENERGY REQUIRED 
0.537E 01 MGD 
0.806E 01 MGD 
0.280E 04 GPM 
3 
1 
0.359E 03 SQ FT 
0.287E 04 CU FT 
0.537E 01 MGD 
0.516E 03 MAN-HOURS/YR 
0.462E 03 MAN-HOURS/YR 
0.358E 06 KWHR/YR 
to 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
SECONDARY CLARIFIER FOR TRICKLING FILTRATION 
CIRCULAR CLARIFIER 
SOLIDS LOADING RATE 0. 107E 02 LB/SQFT/DAY 
D SURFACE OVERFLOW RATE 0. 800E 03 GAL/SQFT/DAY 
DETENTION TIME 0. 202E 01 HOURS 
0 WEIR OVERFLOW RATE 0. 150E 05 GAL/FT/DAY 
0 TANK SIDEWATER DEPTH 0. 900E 01 FEET 
WEIR LENGTH 0. 537E 03 FEET 
VOLUME OF WASTED SLUDGE 0. 129E 05 GAL/DAY 
D UNDERFLOW CONCENTRATION 0. 300E 01 PERCENT 
TOTAL SURFACE AREA 0. 101E 05 SQ FT 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
QUANTITIES FOR SEDIMENTATION 
CIRCULAR CLARIFIER 
SECONDARY CLARIFIER 
EXCESS CAPACITY FACTOR 
CALCULATED SURFACE AREA 
ADJUSTED SURFACE AREA 
AVERAGE DAILY WASTEWATER FLOW 
NUMBER OF CIRCULAR CLARIFIERS 
NUMBER OF BATTERIES 
SURFACE AREA PER UNIT 
DIAMETER OF UNIT 
EARTHWORK REQUIRED 
SIDEWATER DEPTH 
THICKNESS OF THE SLAB 
WALL THICKNESS 
TOTAL WALL CONCRETE REQUIRED 
TOTAL SLAB CONCRETE REQUIRED 
MAINTENANCE MANPOWER REQUIRED 
OPERATION MANPOWER REQUIRED 
ELECTRICAL ENERGY REQUIRED 
0. 100E 01 
0. 101E 05 SQ FT 
0. 101E 05 SQ FT 
0. 806E 01 
2 
MGD 
0. 503 E 
1 
OH SQ FT 
0. 810E 02 FEET 
0. 132E 06 CU FT 
0. 900E 01 FEET 
0. 101E 02 INCHES 
0. USE 02 INCHES 
0. 53UE 04 CU FT 
0. 101E 05 CO FT 
0. 566E 03 MAN-HOURS/YR 
0. 103E OU MAN-HOURS/YR 
0. 101E 05 KWHR/YR vo (jJ 
FLOW (MGD) 
MAXIMUM 27.0560 
AVERAGE 8.0560 
MINIMUM l(.0560 
TEMP (W) 
TEMP (S) 
PH 
10,0 C 
23.0 C 
7.6 
LIQUID CHARACTERISTICS 
SOLIDS (MG/L) 
SUSPENDED 20.00 
VOLATILE 80.00 
SETTLEABLE 0.0 
OIL ft GREASE 
CATIONS 
ANIONS 
0 .0  
160.00 
160.00 
B0D5 
B0D5S 
COD 
CODS 
POU 
IMG/L) 
50.00 
25.00 
75.00 
37.50 
8.38 
(MG/L) 
TKN 23.88 
NH3 23.88 
N02 0.0 
N03 10.23 
VOLUME (GAL/D) 
% SOLIDS 
% VOLATILE 
SLUDGE CHARACTERISTICS 
PRIMARY SECONDARY 
26928.55 12889.60 
1.00 3.00 
60.00 80.00 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * # * * * * *  
NITRIFICATION - SUSPENDED GROWTH SYSTEM 
D SUMMER TEMPERATURE 
D WINTER TEMPERATURE 
0 SUMMER AMMONIA LIMIT 
D WINTER AMMONIA LIMIT 
D DECAY COEFFICIENT 
D HETEROTROPHIC YIELD COEFFICIENT 
D METABOLIC FACTOR 
D INFLUENT ALKALINITY 
SOLIDS RETENTION TIME 
HYDRAULIC DETENTION TIME 
VOLUME OF AERATION TANK 
REQUIRED ADDITIONAL ALKALINITY 
DIFFUSED AERATION SYSTEM 
D STANDARD TRANSFER EFFICIENCY 0.600E 01 PERCENT 
OPERATING EFFICIENCY 0.357E 01 PERCENT 
REQUIRED AIR FLOW 0.132E 03 CFH/TOFT 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
0.230E 02 DEC C 
0.100E 02 DEC C 
0.500E 01 MG/L 
0.200E 01 MG/L 
0.500E-01 /DAY 
0.650E 00 LB VSS/LB B0D5 
0.150E 02 /HOUR 
0.300E 03 MG/L 
0.135E 02 DAYS 
0.131E 00 DAYS 
0.106E 01 MIL GALLONS 
0.0 LB/DAY CAC03 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 
QUANTITIES FOR DIFFUSED AERATION SYSTEM 
PLUG FLOW 
AVERAGE DAILY WASTEWATER FLOW 
TOTAL NUMBER OF TANKS 
NUMBER OF BATTERIES 
ACTUAL VOLUME PER TANK 
PROCESS AIR REQUIREMENT 
NUMBER OF DIFFUSERS PER TANK 
NUMBER OF SWING ARM HEADERS PER TANK 
LENGTH OF AERATION TANKS 
PIPE GALLERY WIDTH 
VOLUME OF EARTHWORK REQUIRED 
REINFORCED SLAB CONCRETE REQUIRED 
REINFORCED WALL CONCRETE REQUIRED 
HANDRAIL LENGTH 
OPERATION MANPOWER REQUIRED 
MAINTENANCE MANPOWER REQUIRED 
ELECTRICAL ENERGY REQUIRED 
0 & M MATERIAL AND SUPPLY COST 
0. 806E 01 
4 
MGD 
0. 353E 
1 
05 CU FT 
0. 187E 05 SCFM 
390 
0. 784E 02 FEET 
0. 232E 02 FEET 
0. 101E 06 CU FT 
0. 4U8E 05 CU FT 
0. 203 E 05 CU FT 
0. 813E 03 FEET 
0. 377E 04 MAN-MRS/YEAR 
0. 229E 04 MAN-HRS/YEAR 
0. 452E 07 KWHR/YEAR 
0. 207 E 01 PERCENT 
VO 
lU 
GENERAL COST ESTIMATES 
QUANTITIES FOR RECYCLE PUMPING 
AVERAGE DAILY PUMPING RATE 
TOTAL PUMPING CAPACITY 
DESIGN CAPACITY PER PUMP 
NUMBER OF PUMPS 
NUMBER OF BATTERIES 
AREA OF PUMP BUILDING 
VOLUME OF EARTHWORK REQUIRED 
FIRM PUMPING CAPACITY 
OPERATING MANPOWER REQUIRED 
MAINTENANCE MANPOWER REQUIRED 
ELECTRICAL ENERGY REQUIRED 
ANALYZE 3 TRAIN NO 3 
0. 806E 01 MGD 
0. 806E 01 MGD 
0. 280E 04 
3 
GPM 
0. 359E 
1 
03 SQ FT 
0. 287E 04 CU FT 
0. 806E 01 MGD 
0. 592E 03 MAN-HOURS/YR 
0. 502E 03 MAN-HOURS/YR 
0. 537E 06 KWHR/YR 
VO 
m 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
* * * * * * # * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
SECONDARY CLARIFIER FOR NITRIFICATION 
CIRCULAR CLARIFIER 
SOLIDS LOADING RATE 
I SURFACE OVERFLOW RATE 
DETENTION TIME 
D WEIR OVERFLOW RATE 
I TANK SIDEWATER DEPTH 
WEIR LENGTH 
VOLUME OF WASTED SLUDGE 
D UNDERFLOW CONCENTRATION 
SURFACE AREA 
0.102E 02 LB/SQFT/DAY 
0.500E 03 GAL/SQFT/DAY 
0.431E 01 HOURS 
0.150E 05 GAL/FT/DAY 
0.120E 02 FEET 
0.180E 04 FEET 
0.320E 05 GAL/DAY 
0.1OOE 01 PERCENT 
0.161E 05 SQ FT 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
QUANTITIES FOR SEDIMENTATION 
CIRCULAR CLARIFIER 
SECONDARY CLARIFIER 
EXCESS CAPACITY FACTOR 
CALCULATED SURFACE AREA 
ADJUSTED SURFACE AREA 
AVERAGE DAILY WASTEWATER FLOW 
NUMBER OF CIRCULAR CLARIFIERS 
NUMBER OF BATTERIES 
SURFACE AREA PER UNIT 
DIAMETER OF UNIT 
EARTHWORK REQUIRED 
SIDEWATER DEPTH 
THICKNESS OF THE SLAB 
WALL THICKNESS 
TOTAL WALL CONCRETE REQUIRED 
TOTAL SLAB CONCRETE REQUIRED 
MAINTENANCE MANPOWER REQUIRED 
OPERATION MANPOWER REQUIRED 
ELECTRICAL ENERGY REQUIRED 
0.100E 01 
0.161E 05 
0.161E 05 
0.806E 01 
2 
1 
0.806E OU 
0.102E 03 
0.221E 06 
0.120E 02 
0.109E 02 
0.130E 02 
0.959E OU 
0.168E 05 
0.75UE 03 
0.136E OU 
0.109E 05 
SQ FT 
SQ FT 
MGD 
SQ FT 
FEET 
CU FT 
FEET 
INCHES 
INCHES 
CU FT 
CU FT 
MAN-HOURS/YR 
MAN-HOURS/YR 
KWHR/YR \D 
a\ 
FLOW (MGD) 
MAXIMUM 27.0560 
AVERAGE 8.0560 
MINIMUM U.0560 
TEMP (W) 
TEMP (S) 
PH 
10.0 C 
23.0 C 
7.2 
LIQUID CHARACTERISTICS 
SOLIDS (MG/L) 
SUSPENDED 20.00 
VOLATILE 80.00 % 
SETTLEABLE 0.0 
OIL & GREASE 
CATIONS 
ANIONS 
0.0  
160.00 
160.00 
B0D5 
B0D5S 
COD 
CODS 
POU 
(MG/L) 
8.16 
1.0U 
12.2U 
1.56 
5.87 
(MG/L) 
TKN U.OO 
NH3 2.00 
N02 0.0 
N03 30.11 
VOLUME (GAL/0) 
% SOLIDS 
% VOLATILE 
SLUDGE CHARACTERISTICS 
PRIMARY SECONDARY 
26928.55 UU870.23 
U.OO 1.57 
60.00 80.00 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
FILTRATION 
LAYER 
1 
DEPTH (FT) 
4.0000 
DIAMETER (FT) 
0.0065 
SHAPE 
FACTOR 
7.00 
SPECIFIC 
GRAVITY 
1.40 
AVERAGE LOADING RATE 
SURFACE AREA 
UNDERDRAIN HEADLOSS 
WASHWATER GUTTER WIDTH 
WASHWATER GUTTER DEPTH 
TERMINAL HEAOLOSS THROUGH BED 
MAXIMUM HEAD FOR BACKWASH ING 
TOTAL FILTER DEPTH 
WASHWATER NEEDED 
BACKWASH RATE 
0.500E 01 
0.112E 04 
0.100E 01 
0.100E 01 
0.869E 00 
0.940E-01 
0.989E 01 
0.140E 02 
0.113E 07 
GPM/SQFT 
SQ FT 
FEET 
FEET 
FEET 
FEET 
FEET 
FEET 
GAL 
0.U51E 02 GPM/SQFT 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
vo 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
QUANTITIES FOR FILTRATION 
SURFACE AREA PER FILTER 0.501E 04 SQ FT 
EARTHWORK FOR A SINGLE FILTER 0.498E 05 CU FT 
NUMBER OF FILTER UNITS PER BATTERY 1 
NUMBER OF CELLS PER UNIT 4 
NUMBER BATTERIES 1 
TOTAL EARTHWORK FOR MULTIPLE FILTERS 0.498E 05 CU FT 
REINFORCED CONCRETE FOR SINGLE FILTER 0.249E 05 CU FT 
REINFORCED CONCRETE FOR MULTIPLE FILTERS 0.249E 05 CU FT 
VOLUME SURGE TANK 0.151E 06 CU FT 
WIDTH SURGE TANK 0.104E 03 FEET 
LENGTH SURGE TANK 0.208E 03 FEET 
EARTHWORK SURGE TANK 0.254E 06 CO FT 
REINFORCED CONCRETE FOR SURGE TANK 0.297E 05 CU FT 
AVERAGE WASTEWATER DESIGN FLOW 0.806E 01 MGD 
ELECTRICAL ENERGY REQUIRED 0.624E 05 KWHR/YR 
OPERATION MAN-HOURS 0.265E 03 MAN-HOURS/YR 
MAINTENANCE MAN-HOURS 0.183E 03 MAN-HOURS/YR 
FLOW (MOD) 
MAXIMUM 27.0560 
AVERAGE 8.0560 
MINIMUM 4.0560 
TEMP (W) 
TEMP (S) 
PH 
10.0 C 
23.0 C 
7.2 
LIQUID CHARACTERISTICS 
SOLIDS (MG/L) 
SUSPENDED 8.00 
VOLATILE 80.00 % 
SETTLEABLE 0.0 
OIL & GREASE 
CATIONS 
ANIONS 
0 .0  
160.00 
160.00 
B0D5 
B0D5S 
COD 
CODS 
P04 
(MG/L) 
1.0U 
1.0U 
1.56 
1.56 
5.87 
(MG/L) 
TKN 2.00 
NH3 2.00 
N02 0.0 
N03 30.11 
VO 
00 
VOLUME (GAL/D) 
% SOLIDS 
% VOLATILE 
SLUDGE CHARACTERISTICS 
PRIMARY SECONDARY 
26928.55 44870.23 
4.00 1.57 
60.00 80.00 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
**•* SECONDARY SLUDGE LINE MIXED INTO PRIMARY SLUDGE LINE **** 
INFLUENT 
FLOW 
MAXIMUM 
AVERAGE 
MINIMUM 
TEMP (W) 
TEMP (S) 
PH 
(MGD) 
27.0560 
8.0560 
4.0560 
10.0 C 
23.0 C 
7.2 
LIQUID CHARACTERISTICS 
SOLIDS (MG/L) 
SUSPENDED 8.00 
VOLATILE 80.00 % 
SETTLEABLE 0.0 
OIL & GREASE 
CATIONS 
ANIONS 
0.0  
160.00 
160.00 
8005 
B0D5S 
COD 
CODS 
POt 
(MG/L) 
1.04 
1.04 
1.56 
1.56 
5.87 
(MG/L) 
TKN 2.00 
NH3 2.00 
N02 0.0 
N03 30.11 
VOLUME (GAL/D) 
% SOLIDS 
% VOLATILE 
SLUDGE CHARACTERISTICS 
PRIMARY SECONDARY 
71798.75 0.0 
2.48 0.0 
67.92 0.0 
vo 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
ANAEROBIC DIGESTION 
D PERCENT V. S. DESTROYED 0.500E 02 PERCENT 
D SOLIDS CONCENTRATION IN DIGESTER 0.500E 01 PERCENT 
D RAW SLUDGE TEMPERATURE 0.700E 02 DEG F 
D DIGESTER TEMPERATURE 0.100E 03 DEG F 
D AIR TEMPERATURE 0.400E 02 DEG F 
DETENTION TIME 0.965E 01 DAYS 
TOTAL VOLUME 0.102E 06 CU FT 
GAS PRODUCED 0.332E 04 CUFT/HOUR 
HEAT REQUIREMENT 0.104E 07 BTU/HR 
DIGESTER GAS REQUIREMENT 0.241E 04 CUFT/HOUR 
TOTAL NATURAL GAS REQUIRED 0.0 CUFT/YEAR 
DIGESTER DEPTH 0.244E 02 FEET 
DIGESTER DIAMETER 0.500E 02 FEET 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 
QUANTITIES FOR ANAEROBIC DIGESTION 
DIAMETER OF TANK 
NUMBER OF DIGESTERS PER BATTERY 
NUMBER OF BATTERIES 
VOLUME OF EARTHWORK 
SIDEWATER DEPTH OF DIGESTER 
WALL THICKNESS 
REINFORCED WALL CONCRETE 
SLAB THICKNESS 
REINFORCED SLAB CONCRETE 
SURFACE AREA/FLOOR OF 2-STORY CONTROL 
PIPING SIZE 
LENGTH OF TOTAL PIPING SYSTEM 
NUMBER OF 90 DEGREE ELBOWS 
NUMBER OF TEES 
NUMBER OF PLUG VALVES 
TOTAL DRY SOLIDS TREATED PER DAY 
ELECTRICAL ENERGY REQUIRED 
OPERATION MAN-HOUR REQUIREMENT 
MAINTENANCE MAN-HOUR REQUIREMENT 
0.500E 
0.104E 
0.24UE 
0.197E 
0.157E 
O.IOIE 
0.374E 
BLDG 0.735E 
0.600E 
0.520E 
0.781E 
0.159E 
0.179E 
0.118E 
02 FEET 
2 
1 
06 CU FT 
02 FEET 
02 INCHES 
05 CU FT 
02 INCHES 
04 CU FT 
03 SQ FT 
01 INCHES 
03 FEET 
26 
51 
37 
01 TONS/DAY 
06 KWHR/YR 
04 MAN-HOURS/YR 
04 MAN-HOURS/'YR 
FLOW (MGD) 
MAXIMUM 27,0560 
AVERAGE 8.0560 
MINIMUM 4.0560 
TEMP (W) 
TEMP (S) 
PH 
10.0 C 
23.0 C 
7.2 
LIQUID CHARACTERISTICS 
SOLIDS (MG/L) 
SUSPENDED 8.00 
VOLATILE 80.00 % 
SETTLEABLE 0.0 
OIL & GREASE 
CATIONS 
ANIONS 
0.0 
160.00 
160.00 
T I (MG/L) (MG/L) 
B0D5 1.04 TKN 2.00 
B0D5S 1.04 NH3 2.00 
COD 1.56 N02 0.0 
CODS 1.56 N03 30.11 
P04 5.87 
VOLUME (GAL/D) 
% SOLIDS 
% VOLATILE 
SLUDGE CHARACTERISTICS 
PRIMARY SECONDARY 
23557.86 0,0 
5.00 0.0 
51.43 0.0 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
QUANTITIES FOR BLOWERS 
DESIGN CAPACITY FOR BLOWER SYSTEM 0.187E 05 SOFM 
NUMBER OF BLOWERS FOR MAX AIR REQUIREMENTS 3 
CAPACITY OF INDIVIDUAL BLOWERS 0.623E OU SCFM 
TOTAL NUMBER OF BLOWERS REQUIRED 4 
BLOWER BUILDING AREA 0.159E 04 SQ FT 
tvj 
O 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
LIQUID RAW 
SECONDARY A Ml 
0 
0 
PREL 0 PRIM 0 PUMP 0 TRIG 1 NITR 0 FILT 0 
PRIMARY ANAE 0 
* * * * * * * * * * *  * * * * » *  *  *  *  
COST SI 
OPER 
CAPITAL AMMORT LABOR 
UNIT COST COST COST $ $/YR $/YR 
RAW PUMP 577899 59343 7648 
PREL1 MlN* 376759 37590 13821 
PRIM CLA 384752 38388 7844 
INT PUMP 525177 55115 5170 
TRIG FIL 1216835 121407 3979 
T SEC CL 436981 43599 8972 
SLU PUMP 202441 21207 4767 
NITRIFIC 707472 71156 32909 
N SEC CL 611106 60972 11906 
RCY PUMP 202441 21207 5170 
FILTRATI 2313553 245343 2315 
ANAE DIG 1047274 106644 15646 
BLOWERS 441660 44066 0 
SUB TOTAL 9044351 926043 120150 
* * * * * * * * * *  * * * * * * *  
MAINT 
LABOR 
COST 
$/YR 
5553 
6136 
3735 
3799 
2974 
4280 
3490 
17347 
5700 
3799 
1383 
8901 
0 
67105 
POWER 
COST 
$/YR 
37194 
2522 
584 
32135 
0 
606 
21503 
271000 
656 
32223 
3744 
9542 
0 
411713 
* WARNING - COST ESTIMATES ARE FROM 'PARAMETRIC EQUATIONS 
DIRECT COSTS , . 
CLEAR is GRUB is AND SITE PRE 365825 $ 
SITE ELECTRICAL 767649 $ 
CONTROL AND INSTRUMENT 396805 $ 
YARD PIPING 507087 $ 
PROFIT/OVERHEAD 2437977 $ 
MATERIAL 
COST 
$/YR 
4045 
9418 
3847 
3676 
7566 
4369 
1417 
14675 
6111 
1417 
59394 
8937 
0 
124877 
CHEMICAL 
COST 
$/YR 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
SUB TOTAL (OTHER DIRECT) 4475343 $ TOTAL CONSTRUCTION COST 13519694 $ 
INDIRECT COSTS 
MISC NON CONST COSTS 
ADM IN/LEGAL 
201 PLANNING 
A/E DESIGN FEE 
INSPECTION 
CONTINGENCIES 
675984 
270393 
473189 
782698 
270393 
1081575 
TOTAL 
0 & M 
COST 
$/YR 
54440 
31897 
16010 
44780 
14519 
18227 
31177 
335931 
24373 
42609 
66836 
43026 
0 
723825 
N) 
O 
lO 
TECHNICAL COSTS 
SUB TOTAL (INDIRECT) 
LAND COSTS 
INTEREST DURING CONSTRUCTION 
ADMINISTRATIVE COST 
LABORATORY COST 
TOTAL PROJECT COST 1911238U 
FINAL YEAR 0 & M 787367 
INITIAL YEAR 0 & M 787367 
270393 S 
3824625 $ 
190000 $ ( 19. ACRES) 
1578086 $ 
30283 $/YR 
33236 S/YR 
$ TOTAL CONSTRUCTION COST 
$/YR TOTAL STEP I I I COST 
$/YR PRESENT WORTH (APP. A) 
13519694 S 
17856497 $ 
26243280 $ 
GENERAL COST ESTIMATES ANALYZE 3 TRAIN NO 3 
USER CHARGE SUMMARY 
EPA GRANT 
STATE GRANT 
ALLOWANCE FOR FINANCING 
BONDS PERCENT RATE 
REVENUE 100.00 10.00 
LIFE 
30 
30 
30 
GENERAL OBLIGATION 0.0 0.0 
OTHER 0.0 0.0 
NUMBER OF BILLING UNITS 
EXISTING SEWER RATE 
PERSONS PER HOUSEHOLD 
GALLONS/CAPITA/DAY (WATER USE) 
CURRENT ANNUAL 0 & M COST 
TOTAL PROJECT COST 
EPA ELIGIBLE COST 
LOCAL SHARE 
ANNUAL DEBT SERVICE 
PRINCIPAL AND INTEREST RESERVE 
CONTINGENCY RESERVE 
TOTAL ANNUAL OPERATING COST 
TREATMENT COST 
COST PER 1000 GALLONS TREATED (NEW SYSTEM) 
COST PER 1000 GALLONS TREATED (TOTAL SYSTEM) 
COST PER BILLING UNIT (NEW SYSTEM) 
COST PER BILLING UNIT (TOTAL SYSTEM) 
COST PER HOUSEHOLD (NEW SYSTEM) 
COST PER HOUSEHOLD (TOTAL SYSTEM) 
0.750E 02 PERCENT 
0.0 PERCENT 
0.300E 01 PERCENT 
0.292E 07 
0.0  
0.350E 01 
0.100E 03 
0.0  
0.191E 08 
0.189E 08 
0.506E 07 
0.537E 06 
0.767E 05 
0.767E 05 
0.148E 07 
S/TGAL 
GPCPD 
S/YEAR 
I 
S/YEAR 
S/YEAR 
$/YEAR 
$/YEAR 
(vj 
O 
lU 
* * * * * * * * * * * * *  * * * * * * * * * * *  
0.506E 00 $/TGAL 
0.506E 00 $/TGAL 
0.506E 00 S/TGAL 
0.506E 00 $/TGAL 
0.531E 01 $/MONTH 
0.531E 01 $/MONTH 
* * * * * * * * * * * * *  
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APPENDIX B. DEVELOPMENT AND LISTING OF THE EQSIM PROGRAM 
206 
General Program Description 
The computer program to simulate treatment plant 
performance under various split treatment policies (EQSIM) 
was written in BASIC language for implementation on a 
microcomputer (Apple 11+). The program consists of three 
general sections: initialization, computation, and output. 
During the initialization of the simulation run, the 
user interactively inputs the required treatment process 
sizes and performance parameters. Most of the performance 
parameters exist as default values which the user can readily 
change during a simulation. 
The computation section of the program is controlled by 
a short sequence of statements for each modeled system that 
directs activity to appropriate subroutines which describe 
process performance and control of flow through the treatment 
systems. This structure facilitates the modification of the 
program to accommodate treatment system flow schemes not 
included in the original version. 
The output from the simulation is directed to a 
hard-copy printer and consists of the calculated values of 
flow, total BOD concentration, soluble BOD concentration, 
total suspended solids concentration, volatile suspended 
solids concentration, and ammonia nitrogen concentration for 
all designated wastewater flow streams in a given system. A 
207 
definition sketch showing the stream identification numbers 
and the process arrangements is presented in Figure Bl. 
Process Subroutines 
The performance models for the various treatment 
processes were generally taken from existing work reported in 
the literature. Default values for the many process 
variables used in the program are indicated where appropriate 
in the list of variable definitions that precede the program 
listing. 
Primary clarification 
The suspended solids removal model of Voshel and Sak 
(1968) is used in the primary clarification subroutine to 
describe the removal of total suspended solids, volatile 
suspended solids, and suspended BOD, 
Trickling filter 
The Germain equation (Germain, 1966) is used as the 
trickling filter model for determining effluent soluble BOD. 
Recycle is employed only to maintain a hydraulic loading rate 
of 0.75 gpm/sf. The suspended solids concentration in the 
unclarified trickling filter effluent are calculated simply 
from the flow and the estimated solids production assuming a 
specified yield of solids per unit of BOD removed. Ammonia 
208 
SYSTEMS 1 AND 2 
FLT 
AS OR TF 
SYSTEM 3 
FLT 
SYSTEM 4 
FLT 
PC PRIMARY CLARIFIER AS ACTIVATED SLUDGE BASIN 
PEF PRIMARY EFFLUENT FILTER FC FINAL CLARIFIER 
TF TRICKLING FILTER FLT FILTER 
IC INTERMEDIATE CLARIFIER 
Figure Bl. Treatment system flow stream identification sketch 
for the EQSIM program 
209 
nitrogen conversion is estimated using the formulation of the 
EXEC model (Rossman, 1979). 
Trickling filter clarifier 
Removal of suspended BOD and solids by the trickling 
filter clarifier is estimated using the first order decay 
relationship proposed by Small and DiToro (1979) for 
flow-sensitive processes. Soluble BOD and ammonia nitrogen 
are, of course, unaffected. 
Activated sludge 
The activated sludge subroutine is based on the solids 
retention time model for a completely mixed activated sludge 
process as developed by Lawrence and McCarty (1970). 
However, allowance is also made for incoming volatile and 
nonvolatile solids. Nitrification in the system is modeled 
using SRT-based equations presented in the EPA nitrogen 
control manual (U.S. Environmental Protection Agency, 1975) 
and in Benefield and Randall (1980). 
One version of the subroutine (see following program 
listing) was written to simulate constant reactor biological 
solids process control for a continuous series of daily flow 
events. In this version, the solids production and solids 
lost in the effluent are compared for any given daily flow 
event. If production exceeds loss, intentional wasting is 
assumed and the resulting solids concentration is adjusted to 
210 
maintain (or return to) the first-day biological solids 
level. If effluent loss of solids exceeds production, then 
the reactor solids level is reduced accordingly. In either 
case, the resulting solids level is used for the next daily 
event simulation for determining substrate removal. 
Activated sludge clarification 
Solids removal by the activated sludge clarifier is 
determined from a regression equation developed from 
information presented by Pflanz (1969). It should be noted 
that the data were from one particular plant and represented 
fairly low hydraulic loadings. The weakness of using such a 
model is readily acknowledged; however, a better model with 
generalized applicability could not be found. 
Filtration 
Suspended matter removal efficiency is assessed using 
the formulation of Small and DiToro (1979). 
Influent waste characterization 
In order to expedite the use of the program in this 
work, several program statements were included to assign 
influent concentrations for solids, soluble BOD, and ammonia 
nitrogen in proportion to the user-specified BOD 
concentration. Suspended solids concentrations were assumed 
to equal the BOD, concentration, with total solids being 75 
211 
percent volatile; soluble BOD was assumed to be 1/3 of the 
total; and ammonia nitrogen was taken as equal to 12.5 
percent of the BOD. 
212 
Definition of Program Variables 
(with default values) 
General 
PI first stream number from a process 
F2 second stream number from a process 
J event counter 
L(J) raw influent BOD for day J, mg/1 
N process number 
ND number of simulation events 
NS number of streams 
OA output type identifier 
Q(J) raw influent flow for day J, mgd 
RS system number 
Tl first stream number to a process 
T2 second stream number to a process 
S(N,1) stream number 
S(N,2) fow, mgd 
S(N,3) total BODg, mg/1 
S(N,4) soluble BODg, mg/1 
S(N,5) total suspended solids, mg/1 
S(N,6) volatile suspended solids, mg/1 
S(N,7) ammonia nitrogen, mg/1 
Primary clarifier 
D(N,1) clarifier surface area, sf 
D(N,2) Voshel-Sak c coefficient (0.57) 
213 
D(N,3} Voshel-Sak m coefficient (0.27) 
D(N,4) Voshel-Sak n coefficient (0.22) 
EP suspended matter removal efficiency 
Trickling filter 
D(N,1) trickling filter surface area, sf 
D(N,2) media depth, ft 
D(N,3) wastewater temperature, °C (15) 
K wastewater treatability factor at 20 °C (0.07) 
AM media specific surface area, sf/cf (27) 
NX media n factor (0.5) 
RC recycle ratio 
HQ hydraulic loading, gpm/sf (0.75 minimum) 
SE effluent soluble BOD, mg/1 
Trickling filter clarifier" 
D(N,1) surface area, sf 
0(N,2) suspended solids removal efficiency at low 
loading, (0.95) 
D(N,3) suspended solids removal efficiency at 800 gpd/sf 
(0.65) 
OV hydraulic loading, gpd/sf 
EC clarification efficiency 
Activated sludge process 
D(N,1) yield coefficient, mg VSS/mg BOD (0.5) 
D(N,2) half velocity constant, mg/1 (60) 
D(N,3) microorganism decay coefficient at 20 ^C, day"^ 
( 0 . 0 6 )  
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D(N,4) carbonaceous substrate utilization coefficient, 
1/mg-day (5) 
D(N,5) aeration basin volume, mil gal 
D(N,6) desired solids retention time, days 
D(N,7) wastewater temperature, 
HRT hydraulic retention time, days 
KR substrate utilization rate corrected for 
temperature, 1/mg-day 
KD decay coefficient corrected for temperature, 
day-1 
DO operating dissolved oxygen concentration, mg/1 
(2.0) 
NG nitrifier specific growth rate, day"^ 
KN nitrification half velocity constant, mg/1 
SNRT nitrifier solids retention time, days 
YN nitrifier yield coefficient, mg VSS/mg ammonia 
nitrogen (0.15) 
XM reactor biological solids concentration, mg/1 
XV reactor volatile solids concentration, mg/1 
XT reactor total solids concentration, mg/1 
XN reactor nitrifier solids concentration, mg/1 
XA initial reactor biological solids concentration, 
mg/1 
XB initial reactor nitrifier solids concentration, 
mg/1 
PM biological solids production, lb/day 
PV volatile solids production, lb/day 
PF influent nonvolatile solids accumulation, lb/day 
PX total solids production, lb/day 
215 
Final clarifier 
D(N,1) surface area, sf 
MX solids mass lost in clarifier effluent, lb/day 
GS solids loading, Ib/sf/day 
Filtration 
D(N,1) split treatment filter surface area, sf 
D(N,2) solids removal efficiency at 2 gpm/sf for raw 
wastewater filtration (0.90) 
D(N,3) solids removal efficiency at 12 gpm/sf for raw 
wastewater filtration (0.60) 
D(N,4) solids removal efficiency at 2 gpm/sf for primary 
and secondary effluent filtration (0.80) 
D(N,5) solids removal efficiency at 12 gpm/sf for primary 
and secondary effluent filtration (0.50) 
D(N,6) secondary effluent filter surface area, sf 
HL filter hydraulic loading, gpm/sf 
Rl removal efficiency for raw wastewater filtration 
R2 removal efficiency for primary and secondary 
effluent filtration 
Split parameters 
QL,QM flow limit through the conventional treatment 
train, mgd 
PS fraction of flow diverted to split treatmentR 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
50 
60 
100 
105 
106 
110 
115 
120 
122 
125 
130 
135 
140 
145 
147 
150 
REM ***** EQSIM.PEF ********* 
REM 
REM 
HOME 
PRINT 
GENERAL WARTSE«7ATER TREATMENT 
PERFORMANCE SIMULATION 
"*********************************" 
PRINT "* *" 
PRINT "* EFFLUENT QUALITY SIMULATION *" 
PRINT "* *" 
PRINT "* FOR A WASTEWATER TREATMENT *" 
PRINT "* *" 
PRINT "* PLANT WITH SPLIT TREATMENT *" 
PRINT "* *" 
PRINT "* *" 
PRINT "* *" 
PRINT "*********************************" 
VTAB 15: PRINT "PRflSS ANY KEY TO CONTINUE" 
GET R$ 
DIM D(8,8),S(15,7),CS(7) 
DIM Q(30) ,L(30) 
HOME 
PRINT "WHICH SYSTEM FOR CONVENTIONAL TREATMENT" 
PRINT "TRAIN?" 
PRINT ; PRINT "1. PC TF FC" 
PRINT "2. PC AS FC" 
PRINT "3. PC TF IC AS FC" 
PRINT "4. PC PEF AS FC": PRINT 
PRINT : PRINT ; PRINT "PC=PRIMARY CLARIFIER" 
PRINT "TF=TRICKLING FILTER" 
PRINT "IC=INTERMEDIATE CLARIFIER" 
PRINT "AS=ACTIVATED SLUDGE AERATION" 
PRINT "FC=FINAL CLARIFIER" 
PRINT "PEF=PRIMARY EFFLUENT FILTRATION" 
PRINT ; PRINT ; PRINT "NOTE: GRANULAR FILTRATION FOR 
EFFLUENT" 
151 PRINT "FILTRATION AND/OR SPLIT TREATMENT IS" 
152 PRINT "AUTOMATICALLY INCLUDED" 
155 INPUT RS 
160 ON RS GOTO 200,250,300,400 
200 REM *** SET UP FOR SYSTEÎ1 1 
205 N = 1: GOSUB 2000; REM PRIMARY CL. 
210 N 2: GOSUB 2500: REM T.F. 
215 N 3: GOSUB 3000; REF4 T.F. CLARIFIER 
220 N 4; GOSUB 4500; REM FILTRATION 
225 N = 7: GOSUB 5000; REM SPLIT PARA?4S 
230 GOSUB 6000; REM 
235 GOSUB 7000: REM 
240 GOTO 1100 
250 REM *** SET UP FOR SYSTEM 2 
INFLUENT INPUTS 
OUTPUT PARAMS. 
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255 N = 1: GOSUB 2000; REM PRIMARY CL, 
260 N = 2; GOSUB 3500: REM A.S. INIT. 
265 N = 3; GOSUB 4000: REM . FINAL CLARIFIER 
270 N = 4: GOSUB 4500: REM FILTRATION 
275 N = 7: GOSUB 5000: REM SPLIT PARAMS 
280 GOSUB 6000: REM INFLUENT INPUTS 
285 GOSUB 7000: REM OUTPUT PARAMS. 
290 GOTO 1100 
300 RET-l *** SET UP FOR SYSTEM 3 
310 N = 1: GOSUB 2000; REM PRIMARY INITIALIZATION 
320 N 2; GOSUB 2500: REM T.F. INIT 
330 N 3; GOSUB 3000: REM INT. CLAR. INIT 
340 N 4; GOSUB 3500: REM A.S. INIT 
350 N = 5; GOSUB 4000; REM FINAL CLAR. INIT 
360 N 6: GOSUB 4500: REM FILTRATION INIT 
370 N 7; GOSUB 5000: REM SPLIT PARAMETERS 
INFLUENT CHAR. 
OUTPUT PARAMS. 
375 GOSUB 6000; REM 
380 GOSUB 7000; REM 
385 GOTO 1100 
400 REM SET UP FOR SYSTEM 4 
GOSUB 2000: REM PRIMARY INIT. 
REM 
REM 
REM 
REM 
410 N 
420 N 
430 N 
440 N 
450 N 
460 
470 
480 
1100 
1110 
1200 
A.S. INIT. 
FINAL CLAR. INIT. 
FILTR. INIT. 
SPLIT PARAM 
1; 
2: GOSUB 3500: 
3; GOSUB 4000: 
4: GOSUB 4500: 
7; GOSUB 5000: 
GOSUB 6000; REM INFLUENT INPUT 
GOSUB 7000; REM OUTPUT PARAM 
GOTO 1100 
REM ***CONTROL OF PERFORMANCE SEQUENCE 
ON RS GOTO 1200,1400,1600,1800 
REM SYSTEM 1 PERFORMANCE 
1204 NS = 9 
1205 FOR J = 1 TO ND 
1206 FOR JJ = 1 TO NS; FOR II = 1 TO 7;S(JJ,II) = 0; NEXT 
II; NEXT JJ 
1207 CODE$ = REM CONDITION CODE=NULL 
1210 GOSUB 17000: REM INFLUENT VECTOR 
1215 T1 = 0:F1 = 1;F2 = 2:T$ = "P":QM = QL: 
1225 N = 1;T1 = 1:F1 = 3: GOSUB 10000: REM 
1235 N = 2:T1 = 3;F1 = 4: GOSUB 11000; REM 
1245 N = 3:T1 = 4;Fl = 5; GOSUB 12000; REM 
1255 T1 = 5:F1 = 5;F2 = 7:T$ = "S": GOSUB 16000; REM 
GOSUB 16000 
PRIMARY CL. 
T.F. 
T.F. CLARIFIER 
SPLIT 
1264 IF 5 ( 1 , 2 )  + S(2,2) = 0 THEN GOTO 1285 
1265 T1 = 2:T2 = 7;F1 = 8:N = 4; GOSUB 15000; REM 
FILTRATION 
1285 T1 = 6:T2 = 3;F1 = 9: GOSUB 16500: 
1295 GOSUB 20000; REM OUTPUT 
1300 NEXT J 
1310 GOTO 30000 
REM STREAM MIXER 
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= 0: NEXT 
GOvSUB .1.6000 
PRIMARY CL. 
A.S. 
FINAL CLARIFIER 
SPLIT 
1400 REM SYSTEM 2 PERFORMANCE 
1404 NS = 9 
1405 FOR J = 1 TO ND 
1406 FOR JJ = 1 TO NS; FOR II = 1 TO 7;S(JJ,II) 
II: NEXT JJ 
1407 CODE$ = "": REM CONDITION CODE=NnLL 
1410 GOSUB 17000; REM INFLUENT VECTOR 
1415 T1 = 0:F1 = 1;F2 = 2:T$ = "P":QM = QL; 
1420 N = 1:T1 = 1;F1 = 3: GOSUB 10000; RET^ 
1425 N = 2;T1 = 3;F1 = 4; GOSUB 13000; REM 
1430 N = 3;T1 = 4;Fl = 5; GOSUB 14000; REM 
1435 T1 = 5;F1 = 6;F2 = 7;T$ = "S"; GOSUB 16000; REM 
1440 IF S(7,2) + S(2,2) = 0 THEN GOTO 1450 
1445 T1 = 2:T2 = 7;F1 = 8;N = 4; GOSUB 15000; REM 
FILTRATION 
1450 T1 = 6;T2 = 8;F1 = 9; GOSUB 16500; REM STREAM MIXER 
1455 GOSUB 20000; REM OUTPUT 
1460 NEXT J 
1465 GOTO 30000 
1600 REM SYSTEM 3 PERFORMANCE 
1604 NS = 11 
1605 FOR J = 1 TO ND 
1606 FOR JJ = 1 TO NS; FOR II = 1 TO 7:S(JJ,II) = 0; NEXT 
II; NEXT JJ 
1607 CODE$ = REM CONDITION CODE=NULL 
1610 GOSUB 17000; REM INFLUENT VECTOR 
1615 T1 = 0:F1 = 1:F2 = 2;T$ = "P";QM = QL; 
1;F1 = 3; GOSUB 10000; REM 
3;F1 = 4; GOSUB 11000; REM 
4;F1 = 5; GOSUB 12000; REM 
GOSUB 13000; 
1620 N 
1625 N 
1630 N 
1635 N 
1640 N 
1;T1 
2;T1 
3:T1 
4;T1 
5:T1 
6;  
7; GOSUB 14000; 
REM 
REM 
GOSUB 16000 
PRIM 
T.F. 
T.F. CLAR. 
A.S. 
FINAL CLAR. 
GOSUB 16000; REr4 
5;P1 = 
6;F1 = 
1645 T1 = 7;F1 = 8;F2 = 9:T$ = "S" 
STREAM SPLITTER 
1650 N = 6;T1 = 2;T2 = 9;F1 = 10; GOSUB 15000; RE&! 
FILTRATION 
1660 Tl = 8;T2 = 10;F1 = 11: GOSUB 16500: REM STREAM MIXER 
1665 NS = 11: GOSUB 20000: REM OUTPUT 
1670 NEXT J 
1675 GOTO 30000 
1800 REM SYSTEM 4 PERFORMANCE 
1810 RET4 STREAM 15 IS NULL 
1820 NS = 14 
1830 FOR J = 1 TO ND 
1840 FOR JJ = 1 TO (NS + 1); FOR II = 1 TO 7:S(JJ,II) = 0; 
NEXT II; NEXT JJ 
1850 CODE$ = REf-l CONDITION CODE=NULL 
1860 GOSUB 17000; REM INFLUENT VECTOR 
1870 N = 1;T1 = 0;F1 = 1: GOSUB 10000: REM PRIM CL 
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1880 T1 = 1;F1 = 2:P2 = 3:QM = QL; GOSUB 16300: REM 
SPLIT TO PEF 
1890 N = 4:T1 = 15:T2 = 3:F1 = 4; GOSUB 15000: RPM 
FILTRATION 
1900 Tl = 4:F1 = 5:F2 = 6: GOSUB 16400; REM SPLIT AFTER PEP 
1910 Tl = 2:T2 = 5:P1 = 7; GOSUB 16500: REM STREAM MIXER 
1920 N = 2:T1 = 7;Fl = 8: GOSUB 13000; REM A.S. 
1930 M = 3;T1 = 8:Pl =9; GOSUB 14000; REM FINAL CLAR. 
1935 T$ = "S";T1 = 9;F1 = 11;P2 = 10; GOSUB 16000; REM 
SPLITTER 
1937 IF S(10,2) = 0 THEN GOTO 1945 
1940 N = 4;T1 = 15;T2 = 10:Fl = 12:D(N,1) = D(N,6): GOSUB 
15000: REM SECONDARY EPFL FILTER 
1945 Tl = 11;T2 = 12;F1 = 13; GOSUB 16500; REM STREAM MIXER 
1950 Tl = 13;T2 = 6;PI = 14; GOSUB 16500; REM STREAM MIXER 
19 55 GOSUB 20000: REf4 OUTPUT 
1960 NEXT J 
1965 GOTO 30000 
1999 END 
2000 REM PRIMARY INIT. 
2002 D(N,2) = 0.57 
2004 D{N,3) = 0.27 
2005 D(N,4) = 0.22 
2010 HOME : INVERSE : PRINT "PRIMARY CLARIFIER DATA": 
NORMAL 
2020 PRINT ; PRINT . 
2030 PRINT "1. SURFACE AREA, SQ FT; ";D(N,1) 
2040 PRINT ; PRINT "2. VOSQEL-SAK C : ";D(N,2) 
2050 PRINT : PRINT "3. VOSHEL-SAK M : ";D(N,3) 
2050 PRINT ; PRINT "4. VOSHEL-SAK N : ";D(N,4) 
2100 INVERSE ; PRINT : PRINT "0. NO CHANGE"; NORMAL 
2110 PRINT ; PRINT : INPUT "CHANGE WHICH ITEM NO.?";C 
2120 IF C < 0 OR C > 4 THEN 2010 
2130 IF C = 0 THEN RETURN 
2140 PRINT : PRINT "TYPE IN NEW VALUE FOR NO. "C" 
INPUT D(N,C) 
2150 GOTO 2010 
2500 REM *** TRICKLING FILTER INIT 
2510 REM 
2514 D(N,3) = 15 
2520 HOME : INVERSE ; PRINT "TRICKLING FILTER DATA"; 
NORMAL ; PRINT ; PRINT 
2530 PRINT "1. HORIZONTAL SURFACE AREA, SO FT; ";D(N,1) 
2540 PRINT ; PRINT "2. MEDIA DEPTH, FT; 
";D(N,2) 
2550 PRINT : PRINT "3. WASTE TEMP., DEG. C. 
";D(N,3) 
220 
2600 INVÎ2RSE ; PRINT : PRINT "0. NO CHANGES": NORMAL 
2610 PRINT : PRINT : INPUT "CHANGE WHICH ITEM NO.?";C 
2620 IF C < 0 OR C > 3 THEN 2520 
2630 IF C = 0 THEN RETURN 
2640 PRINT : PRINT "ENTER NEW VALUE FOR NO. "C" INPUT 
D(N,C) 
2650 GOTO 2520 
3000 REM *** INT. CLARIFIER INIT 
3010 D(N,2) = .95 
3012 D(N,3) = .65 
3020 HOME ; INVERSE 
DATA": NORMAL 
PRINT "TRICKLING FILTER CLARIFIER 
3030 PRINT 
3040 PRINT 
3050 PRINT ; 
3060 PRINT " 
3070 PRINT : 
3080 PRINT " 
3100 INVERSE 
3110 PRINT : 
3120 IF C < 
3130 IF C = 
3140 PRINT 
D{N,C) 
3150 GOTO 3020 
3500 REM 
3510 D(N,1) 
3512 D(N,2) 
3514 D(N,3) 
3516 D(N,4) 
3517 D(N,7) 
; PRINT 
"1. SURFACE AREA, SQ FT: ";D(N,1) 
: PRINT "2. MAX. FRACTION OF SOLIDS REMOVABLE " 
AT VERY LOW FLOW, (O.XX) ";D(N,2) 
PRINT "3. FRACTIONAL SOLIDS REMOVAL AT " 
800 GPD/SF, (O.XX) ";D(N,3) 
PRINT ; PRINT "0. NO CHANGES"; NORMAL 
PRINT ; INPUT "CHANGE WHICH ITEM NO.?";C 
0 OR C > 3 THEN 3020 
0 THEN RETURN 
PRINT "ENTER NEW VALUE FOR NO."C" ": INPUT 
*** ACTIVATED SLUDGE INIT 
.5 
50 
. 0 6  
5 
15 
3520 REM 
3530 HOME : INVERSE : PRINT "ACTIVATED SLUDGE 
3540 PRINT " COMPLETE MIX MODE": NORMAL 
3550 PRINT ; PRINT TAB( 10): INVERSE : PRINT 
PARAMETERS": NORMAL 
3560 
3570 
3580 
3590 
3600 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
"1. YIELD 
"2. HALF VELOCITY CONSTANT 
"3. DECAY COEFFICIENT 
"4. SUBSTRATE UTIL. COEFF. 
DATA" 
"KINETIC 
";D(N,1) 
";D(N,2) 
";n(N,3) 
";D(N,4) 
"OPERATING TAB( 10): INVERSE : PRINT 
PARAMETERS": NORMAL 
3610 PRINT : PRINT "5. AERATION BASIN VOLUME, MIL GAL 
";D(N,5) 
3520 PRINT : PRINT "6. DESIRED NORMAL SRT , DAYS 
";D(N,6) 
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3625 PRINT : PRINT "7. WATER TEMP., DEC. C 
";D(N,7) 
3630 INVERSE.: PRINT ; PRINT "0. NO CHANGES": NORMAL 
3640 PRINT : INPUT "CHANGE WHICH ITEM NO.?";C 
3650 IF C < 0 OR C > 7 THEN 3530 
3660 IF C = 0 THEN RETURN 
3670 PRINT : PRINT "ENTER NEW VALUE FOR NO. "C" INPUT 
D(N,C) 
3680 GOTO 3530 
4000 REM *** FINAL CLARIFIER INIT 
4010 REM 
4020 HOME : IN^/ERSE ; PRINT "FINAL CLARIFIER DATA": NORMAL 
4030 PRINT : PRINT "1. SURFACE AREA, SQ FT: 
";D(N,1) 
4060 INVERSE : PRINT : PRINT "0. NO CHANGES": NORMAL 
4070 PRINT : PRINT : INPUT "CHANGE WHICH ITEM NO.?";C 
4080 IF C < 0 OR C > 1 THEN 4020 
4090 IF C = 0 THEN RETURN 
4100 PRINT ; PRINT "ENTER NEW VALUE FOR NO. "C" INPUT 
D(N,C) 
4110 GOTO 4020 
4500 REM *** FILTRATION AND SPLIT INIT 
= 90 
= 60 
= 80 
= 50 
INVERSE ; PRINT "FILTRATION DATA": NORMAL 
< > 4 THEN GOTO 4525 
: PRINT "1. PRIM. EFFL. FILTER AREA, SQ FT 
: PRINT "6. SEC. EFFL. FILTER AREA, SQ FT 
4510 D(N,2) 
4512 D(N,3) 
4514 D(N,4) 
4516 D(N,5) 
4520 HOME ; 
4521 IF RS 
4522 PRINT 
";D(N,1) 
4523 PRINT 
";D(N,6) 
4524 GOTO 4530 
4525 PRINT : PRINT "1. FILTER SURFACE AREA, SQ FT ";D{N,1) 
4530 PRINT ; PRINT "2. RAW SOLIDS REMOVAL EFFIC. " 
4540 PRINT " AT 2 GPM/SQ FT, (%) ";D(N,2) 
4550 PRINT : PRINT "3. RAW SOLIDS REMOVAL EFFIC. " 
4560 PRINT " AT 12 GPM/SQ F, (%) ";D(N,3) 
4 580 PRINT ; PRINT "4. SECONDARY SOLIDS REMOVAL" 
4585 PRINT " EFFIC. AT 2 GPM/SQ FT, (%) ";D(N,4) 
4590 PRINT : PRINT "5. SECONDARY SOLIDS REMOVAL" 
4595 PRINT " EFFIC. AT 12 GPM/SQ FT, (%) ";D{N,5) 
4597 INVERSE : PRINT : PRINT "0. NO CHANGES": NORMAL 
4600 PRINT : PRINT : INPUT "CHAfJGE WHICH ITEM NO.?";C 
4610 IF C < 0 OR C > 6 THEN 4500 
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462C IF C = 0 THEN RETURN 
4530 PRINT ; PRINT "ENTER NEW VALUE FOR NO. "C" INPUT 
D(N,C) 
4640 GOTO 4520 
5000 REM SPLIT TREATMENT DECISION PARAMETERS 
5010 REM 
5020 HOME : INVERSE ; PRINT "SPLIT TREATMENT DECISION 
PARAMETERS"; NORMAL 
5030 PRINT : PRINT : PRINT "1. MAX FLOW PERMITTED THROUGH" 
5040 PRINT " CONVENTIONAL TRAIN, MGD ";D(N,1) 
5050 PRINT : PRINT "2. FRACTION OP SECONDARY EFFLUENT" 
5060 PRINT " TO BE SPLIT TO FILTRATION (0.XX) ";D(N,2) 
5070 INVERSE : PRINT : PRINT "0. NO CHANGES": NORMAL 
5080 PRINT : PRINT : INPUT "CHANGE WHICH ITEM NO.?";C 
5090 IF C < 0 OR C > 2 THEN GOTO 5020 
5100 IF C = 0 THEN 5130 
5110 PRINT ; PRINT "ENTER NEW VALUE FOR NO. "C" INPUT 
D(N,C) 
5120 GOTO 5020 
5130 QL = D(N,1);FS = D(N,2) 
5140 RETURN 
6000 REM INFLUENT PLOW AND LOAD INPUT 
6010 REM 
6020 REM 
6030 HOME : INVERSE : PRINT "INFLUENT WASTE DATA": NORMAL 
6040 PRINT : PRINT "WILL DATA BE ENTERED FROM KEYBOARD (K)" 
6050 PRINT : INPUT "OR DISK FILE (F)?";R$ 
6060 IF LEPT$ (R$,l) = "F" THE^I GOTO 6300 
6070 PRINT : INPUT "ENTER NO. OF DAYS OP DATA ";ND 
6090 PRINT : PRINT "ENTER FLOW (MGD) AND BOD (MG/L) 
XX,YYY" 
6100 FOR J = 1 TO ND 
6110 PRINT "DAY ";J;: INPUT Q(J),L(J) 
6120 NEXT J 
6130 PRINT : INPUT "DO YOU WANT TO REVIEi^f THF. DATA " ;R$ 
6140 IF LEFT$ (R$,l) = "N" THEN RETURN 
6145 SPEED= 200 
6150 FOR J = 1 TO ND 
6160 PRINT J,Q(J) ,L(J) 
6170 NEXT J 
6180 PRINT : PRINT "DO YOU WANT TO (C)HANGE OR (R)EVIEW 
DATA " 
6185 INPUT "(S)AVE, OR (P)ROCEED ";R$ 
6190 IF LEFT$ (R$,l) = "P" THEN SPEED= 255; RETURN 
6195 IP LEFT? (R$,l) = "C" THEN GOTO 6200 
6196 IP LEFT$ (R$,l) = "S" THEN 6500 
6197 GOTO 6150 
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6200 PRINT ; INPUT "WHICH DAY DO YOU WANT TO CHANGE? ";DD 
6210 PRINT "ENTER NEW DATA FOR DAY "DD" " 
6220 INPUT 0(DD),L(DD) 
6230 GOTO 6130 
6300 REM DATA PILE READER 
6310 D$ = CHR$ (4) 
6315 INPUT "ENTER FILENAME ";F$ 
6330 PRINT D$;"OPEN ";F$ 
6340 PRINT D$;"READ ";F$ 
6350 INPUT ND 
6370 FOR DD = 1 TO ND 
6390 INPUT Q(DD) ,L(DD) 
6400 NEXT DD 
6410 PRINT D$ 
6420 PRINT D$;"CLOSE ";F$: GOTO 6180 
6500 REM SAVE DATA TO DISK 
6510 HOME : INPUT "ENTER FILENAME: ";F$ 
6540 D$ = CHR$ (4) 
6550 PRINT D$;"OPEN ";F$ 
6560 PRINT D$;"DELETE ";F$ 
6570 PRINT D$;"OPEN ";F$ 
6590 PRINT D$;"WRITE ";F$ 
6600 PRINT ND 
6620 FOR J = 1 TO ND 
6630 PRINT Q(J); PRINT L(J) 
6660 NEXT 3 
6670 PRINT D$ 
6690 PRINT D$;"CLOSE ";F$ 
6700 GOTO 6180 
7000 HOME : INVERSE : PRINT "PROGRAM OUTPUT PARAMETERS": 
NORMAL 
7010 PRINT ; PRINT "DO YOU WANT OUTPUT FOR;" 
7020 PRINT : PRINT TAB( 5)"1. ALL FLOW STREAMS—ALL DAYS," 
7030 PRINT : PRINT TAB( 5) "2. EFFLUENT ONLY—ALL DAYS," 
7040 PRINT ; PRINT TAB( 5) "3. EFFLUENT AVERAGED OVER ALL 
DAYS?" 
7050 PRINT : PRINT : INPUT OA 
7060 IF OA < 0 OR OA > 3 THEN GOTO 7000 
7070 HOME : VTAB 12; PRINT " 
7080 RETURN 
10000 REM PRIMARY CLARIFIER PERFORMANCE 
10010 EP = D(N,2) * S(T1,5) D(N,3) / ((S(T1,2) * 1000000 
/ D(N,1)) " D(N,4)) 
10020 S(F1,1) = Fl 
10030 S(F1,2) = S(T1,2) 
10040 S(F1,4) = S(T1,4) 
10050 S(F1,7) = S(T1,7) 
10060 S(F1,3) = S(F1,4) + (1 - EP) * (S(Tl,3) - S(T1,4)) 
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10070 S(F1,5) = (1 - EP) * S(T1,5) 
10080 S{F1,6) = (1 - EP) * S(T1,6) 
10090 RETURN 
11000 REM TRICKLING FILTER PERFORMANCE 
11005 S(F1,1) = F1 
11010 K = 0.07 * 1.035 " (D(N,3) - 20) 
11020 AM = 27 
11030 NX = 0.5 
11040 RC = 0 
11050 HQ = 694.44 * S(Tl,2) / D(N,1) 
11060 IF HQ > = 0.75 THEN GOTO 11170 
11070 RH = 0.75 
11030 RC = (RH - HQ) / HQ 
11090 HQ = RH 
11100 Yl = EXP ( - K * D(N,2) / HQ " NX) 
11110 SI = 0 
11120 SA = (S(T1,3) + RC * Si) / (1 + RC) 
11130 S2 = SA * Yl / ({1 + RC) - (RC * Yl)) 
11140 IF (S2 - SI) > .1 THEN SI = SI + 0.1: GOTO 11120 
11150 SE = S2 
11160 GOTO 11176 
11170 Yl = EXP ( - K * D(N,2) / HQ " NX) 
11175 SE = S(T1,3) * Yl 
11176 S(F1,4) = SE 
11178 S(F1,6) = .4 * (S(T1,3) - S(F1,4)) 
11180 S(F1,5) = (S(T1,5) - S(Tl,6)) + S(F1,6) 
11210 S(F1,3) = SE + S(F1,6) * 0.65 * 1.42 * 0.67 
11220 S(F1,2) = S(T1,2) 
11230 S(F1,7) = S(T1,7) * (1 - EXP { - 0.05 * S(T1,2) * 
8.34 * S(T1,3) * 1000 / (D(N,1) * D(N,2)))) 
11240 RETURN 
12000 REM T.F. CLARIFIER PERFORMANCE 
12010 OV = S(T1,2) * 1000000 / D(N,1) 
12020 EC = D(N,2) * EXP (OV / 800 * LOG (n(N,3) / D(N,2))) 
12030 S(F1,2) = S(T1,2) 
12040 S(F1,3) = (1 - EC) * (S(T1,3) - S(Tl,4)) + S(T1,4) 
12050 S(F1,4) = S(T1,4) 
12060 S(F1,5) = (1 - EC) * S(Tl,5) 
12070 S(F1,6) = (1 - EC) * S(Tl,6) 
12080 S(F1,7) = S(T1,7) 
12085 S(F1,1) = F1 
12090 RETURN 
13000 REM CMAS PERFORMANCE (BOD AND NITRIFICATION) 
13010 HRT = D(N,5) / S(T1,2) 
13020 KR = D(N,4) * 1.02 " (D(N,7) - 20) 
13030 KD = D(N,3) * 1.02 (D(N,7) - 20) 
13070 DO = 2.0 
13080 NG = 0.47 * EXP (0.098 * (D(N,7) - 15)) * DO / (DO + 
1.3) 
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13110 KN = 10 " (0.051 * D(N,7) - 1.158) 
13200 IF J < >1 GOTO 13310 
13210 REM BEGINNING CALCS FOR NORMAL SRT 
13220 S(F1,4) = D(N,2) * (1 + KD * D(N,6)) / (D(N,6) * 
(D(N,1) * KR - KD) - 1) 
13230 XM = D(N,6) * D(N,1) * S(T1,2) * (S(T1,3) - S(Fl,4)) 
/ (D(N,5) * (1 + KD * D(N,6))) 
13235 XV = XM + 0.25 * S(Tl,6) * D(N,6) / HRT 
13240 XT = XV + (S(T1,5) - S(T1,6)) * D(N,6) * S(Tl,2) / 
D(N,5) 
13245 GOSUB 13800: REM CALC SOLIDS PRODUCTION 
13250 S(F1,7) = KN * (1 + KD * D(N,6)) / (D(N,6) * (NG -
KD) - 1) 
13260 YN = 0.15 
13270 XN = D{N,6) * YN * S(T1,2) * (S(Tl,7) - S(P1,7)) / 
(D(N,5) * (1 + KD * D(N,6))) 
13280 SNRT = 1 / NG 
13290 IF SNRT > D(N,6) THEN CODE$ = CODE$ + "N":NE = 
S(T1,7) 
13295 XA = XM:X1 = XM;XB = XN:X2 = XN 
13300 GOTO 13450; REM FILL OUTPUT ARRAY 
13310 XM = XI 
13320 GOSUB 13600; REM SE CALC 
13330 GOSUB 13800; REM CHANGE OF X 
13340 XI = XM 
13350 REM AMMONIA CALCS. 
13360 XN = X2 
13370 GOSUB 13700; REM NE CALC 
13380 FN = 8.34 * S(T1,2) * (S(T1,7) - S(F1,7)) * YN - 8.34 
* KD * XN * D(N,5) 
13390 MN = XN / XT * MX 
13400 XN = XN + (FN - MN) / (8,34 * D(N,5)) 
13410 X2 = XN 
13420 IF XM > = (XA) THEN XT = XA * XT / XM;X2 = XA * XN 
/ XM;X1 = XA;XV = XV * XA / XM 
13450 REM FILL OUTPUT ARRAY 
13460 S(F1,1) = F1 
13470 S(F1,2) = S(T1,2) 
13480 S(F1,5) = XT 
13490 S(F1,6) = XV 
13500 S(F1,3) = S(F1,4) + .65 * 1.42 * .67 * S(F1,6) 
13520 RETURN ; REM TO MAIN PROGRAM 
13600 REM SE SUBROUTINE 
13605 DE = 2 
13610 S(F1,4) = 0.01; REM INITIALIZED 
13615 KK = 1 
13620 C = KR * XM * D(N,5) / S(Tl,2) 
13625 D = (S(T1,3) - S(Fl,4)) / (S(F1,4) / (D(N,2) + 
S(F1,4))) 
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13630 IP ABS (D - C) <1 GOTO 13665 
13635 IF KK = 1 GOTO 13645 
13640 SB = SG 
13645 SG = SGN (D - C) 
13650 IF SG < > SB THEN DE = .5 * DE 
13655 S(F1,4) = SG * DE + S(F1,4) 
13660 KK = KK + 1; GOTO 13620 
13665 RETURN 
13700 REM NE SUBROUTINE 
13705 KK = 1;DE = 2;S(F1,7) = .01; REM INITIAL 
13710 G = D(N,5) * NG / YN * XN / S(T1,2) 
13715 H = (KN + S(F1,7)) * (S(Tl,7) - S(F1,7)) / S(F1,7) 
13720 IF ABS (H - G) < .1 THEN GOTO 13795 
13725 IF KK = 1 THEN GOTO 13735 
13730 SB = SG 
13735 SG = SGN (H - G) 
13740 IP SG < > SB THEN DE = .5 * DE 
13745 S (PI,7) = SG * DE + S (Pi,7) 
13750 KK = KK + 1; GOTO 13710 
13795 RETURN 
13800 REM CHANGE X SUBROUTINE 
13810 PM = 8.34 * (S(T1,2) * D(N,1) * (S(T1,3) - S(F1,4)) -
KD * XV * D(N,5)) 
13815 PV = PM + 8.34 * S(T1,2) * S(T1,6) * 0.25 
13820 PF = 8.34 * S(Tl,2) * (S(T1,5) - S(T1,6)) 
13830 PX = PV + PF 
13840 MX = 8.34 * S(Tl,2) * (4.5 + 16 * XT * S(Tl,2) / D(N 
+ 1 ,1 ) )  #  
13845 IF J = 1 THEN RETURN 
13850 DX = PX - MX 
13860 XM = XM + (PM - MX * XM / XT) / (8.34 * D(N,5)) 
13865 XV = XV + (PV - MX * XV / XT) / (8.34 * D(N,5)) 
13870 XT = XT + DX / (8.34 * D(N,5)) 
13880 RETURN 
14000 REM ACTIVATED SLUDGE CLARIFIER PERFORMANCE 
14010 REM 
14020 REM 
14040 S (PI,5) = 4.5 + 16 * S(T1,5) * S(T1,2) / D(N,1) 
14050 S(P1,1) = PI 
14060 S (PI,2) = S(T1,2) 
14070 S(F1,4) = S(T1,4) 
14080 S(F1,6) = S(F1,5) * S(T1,6) / S(T1,5) 
14090 S(F1,3) = S(F1,4) + S(F1,6) * .65 * 1.42 * .67 
14100 S (PI,7) = S(T1,7) 
14110 GS = S(T1,5) * 8.34 * S(T1,2) * 1.4 / D(N,1) 
14120 IF GS > 40 THEN CODE$ = CODE$ + "G" 
14130 IF S(T1,2) * 1000000 / D(N,1) > 1200 THEN CODS$ = 
CODE$ + "U" 
14133 MX = S(T1,2) * 8.34 * S(F1,5) 
227 
14135 IF MX < PX THEN GOTO 14200 
14150 CODE$ = CODE$ + "W" 
14200 RETURN 
15000 REM FILTRATION PERFORMANCE 
15010 REM 
15020 REM 
15030 HL = (S(T1,2) + S(T2,2)) * 694.44 / D(N,1) 
15040 Rl = D(N,2) * EXP (HL / 12 * LOG (D(N,3) / D(N,2))) 
/ 100 
15045 R2 = D(N,4) * EXP (HL / 12 * LOG (D(N,5) / D(N,4))) 
/ 100 
15050 S(F1,1) = F1 
15060 S(F1,2) = S(T1,2) + S(T2,2) 
15070 S(F1,4) = (S(T1,4) * S(T1,2) + S(T2,4) * S(T2,2)) / 
S(F1,2) 
15080 S(F1,7) = (S(T1,7) * S(T1,2) + S(T2,7) * S(T2,2)) / 
S(F1,2) 
15090 S(F1,5) = ((1 - Rl) * S(T1,5) * S(Tl,2) + (1 - R2) * 
S(T2,5) * S(T2,2)) / S(F1,2) 
15100 S(F1,6) = ((1 - Rl) * S(T1,6) * S(T1,2) + (1 - R2) * 
S(T2,6) * S(T2,2)) / S(F1,2) 
15110 S(F1,3) = S(F1,4) + S(F1,6) * .65 * 1.42 * .67 
15120 RETURN 
16000 REM STREAM SPLITTER SUBROUTINE 
16010 S(F1,1) = F1 
16020 S(F2,1) = F2 
16025 IF T$ = "P" GOTO 16045 
16030 S(F1,2) = (1 - FS) * S(T1,2) 
16040 S(F2,2) = PS * S(T1,2) 
16043 GOTO 16050 
16045 IF S(T1,2) > QM THEN S(F1,2) = QM;S(F2,2) = S(T1,2) 
- QM; GOTO 16050 
16047 S(P1,2) = S(T1,2):S(F2,2) = 0 
16050 FOR JJ = 3 TO 7 
16060 S(F1,JJ) = S(T1,JJ) 
16065 IF S(F1,2) = 0 THEN S(F1,JJ) = 0 
16070 S(F2,JJ) = S(T1,JJ) 
16075 IF S(F2,2) = 0 THEN S(P2,JJ) = 0 
16080 NEXT JJ 
16090 RETURN 
16300 REM SPLIT TO PEF 
16310 S(F1,1) = Fl:S(F2,l) = F2 
16320 IF S(T1,2) > QM THEN S(F1,2) = QM;S(F2,2) = S(T1,2) 
- QM: GOTO 16340 
16330 S(F1,2) = 0:S(F2,2) = S(T1,2) 
16340 FOR JJ = 3 TO 7 
16350 S(F1,JJ) = S(T1,JJ):S(F2,JJ) = S(T1,JJ) 
16360 IF S(F1,2) = 0 THEN S(F1,JJ) = 0 
16370 NEXT JJ 
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16380 RETURN 
16400 REM SPLIT AFTER PEF 
16410 S(F1,1) = F1:S(F2,1) = P2 
16420 IF S(2,2) < >0 THEN GOTO 16440 
16425 S(Fl,2) = S(T1,2) ;S(F2,2) = 0 
16430 FOR JJ = 3 TO 7:S(F1,JJ) = S(T1,JJ):S(F2,JJ) = 0: 
NEXT JJ: GOTO 16460 
16440 S(F1,2) = 0;S(F2,2) = S(T1,2) 
16450 FOR JJ = 3 TO 7:S(F2,JJ) = S(Tl,JJ);S(Fl,JJ) = 0: 
NEXT JJ 
16460 RETURN 
16500 REM STREA.M MIXER ROUTINE 
16510 S (Fl,l) = Fl 
16520 S(F1,2) = S(T1,2) + S(T2,2) 
16530 FOR JJ = 3 TO 7 
16540 S(F1,JJ) = (S(T1,2) * S(T1,JJ) + S(T2,2) * S(T2,JJ)) 
/ S(Fl,2) 
16550 NEXT JJ 
16560 RETURN 
17000 REM INFLUENT WASTE CHAR. VECTOR 
17010 S (0,1) = 0 
17020 S(0,2) = Q(J) 
17030 S (0,3) = L(J) 
17040 S(0,4) = 0.33 * S(0,3) 
17050 9 (0,5) = 1.00 * S(0,3) 
17060 S (0,6) = 0.75 * S(0,5) 
17070 S(0,7) = 0.125 * S(0,3) 
17080 RETURN 
20000 REM OUTPUT SUBROUTINE 
20995 PR# 1: PRINT CHR$ (9);"80N" 
20998 IF J = 1 THEN GOSUB 26000: REM HEADING 
21000 ON OA GOTO 21010,21010,21200 
21010 REM 
21015 PRINT " STR. # FLOW BOD SOL BOD TSS VSS 
AMMON." 
21018 IF OA = 2 THEN GOTO 24100 
21020 GOTO 24000 
21200 REM AVERAGED OUTPUT 
21205 PP = 2;WW = 7 
21207 IF J > 1 THEN GOTO 21230 
21210 PRINT : PRINT "AVERAGE EFFLUENT QUALITY FOR THE 
";ND;" DAY PERIOD" 
21220 PRINT " STR. # FLOW BOD SOL BOD TSS VSS 
AMMON." 
21225 PRINT 
229 
21265 
21267 
21270 
21275 
********************* 
21225 PRINT 
"******************************************************" 
21226 PR# 0 
21230 CS(1) = S(NS,1) 
21240 FOR JJ = 2 TO 7 
21250 CS(JJ) = CS(JJ) + S(NS,JJ) / ND 
21260 NEXT JJ 
IP J = ND THEN GOTO 21270 
RETURN 
PR# 1 
FOR JJ = 1 TO 7 
21280 XX = CS(JJ): GOSUB 25000 
21290 NEXT JJ 
21300 PRINT ; PR# 0; RETURN 
24000 PP = 2:WW = 7 
24005 PRINT '•****************** * 
***** ********** J)AY " 
24010 FOR I = 0 TO NS 
24015 PRINT 
24020 FOR JJ = 1 TO 7 
24025 XX = S(I,JJ): GOSUB 25000 
24030 NEXT JJ 
24035 NEXT I 
24037 PRINT " CONDITION CODES= ";CODES 
24040 PR# 0: RETURN 
24100 PP = 2:WW = 7 
24110 PRINT "********************************** 
************ ********** DAY "'J 
FOR JJ = 1 TO 7 
24130 XX = S(NS,JJ): GOSUB 25000 
24140 NEXT JJ 
PRINT " CONDITION CODES= ";CODE$: PRINT 
PR# 0; RETURN 
FORMAT SUBROUTINE 
THIS IS THE FORMATTING 
SUBROUTINE. THE INPUT 
IS'XX'r'PP', AND 'WW' 
XX IS THE NUMBER TO BE 
BE PRINTED 
PP IS THE NUMBER OP 
DIGITS RIGHT OF 
WW IS THE WIDTH OF THE 
RIGHT JUSTIFIED 
PRINTING FIELD 
24120 
24142 
24150 
25000 
25090 
25100 
25110 
25120 
25130 
25140 
25150 
25160 
25170 
25180 
25190 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
25200 X$ = 
25210 LL = 
PP + .5)) ' " + STR$ ( INT (XX * 10 
LEN (X$) - ( VAL (X$) < 0) 
25220 PRINT SPC( WW - LL * (LL > PP + 1) - (PP + 2) * (LL 
< = PP + 1)) ; 
230 
25230 PRINT MTD$ (X$,l + ( VAL (X$) < 0),(LL < = PP) + 
(LL - PP) * (LL > PP)); 
25240 PRINT MID$ ("0.00",1 + ((PP + 1) < LL),1 + (PP - LL 
+ 2) * (LL < PP + 2)) ; 
25250 PRINT RIGHT$ (X$,PP * (LL > PP) + (LL - 1) * (LL < 
= PP)); 
25260 RETTJRN 
25000 REr4 OUTPUT TITLE HEADER 
26010 PRINT "********** TREATMENT PERFORMANCE SIMULATION 
**********" 
26020 PRINT : PRINT TAB( 23)"SYSTEM ";RS 
26030 PRINT : PRINT : PRINT 
26040 RETURN 
30000 PR# 1; PRINT CHR$ (9);"80N" 
30005 PRINT : PRINT "KEY TO CONDITION CODES—" 
30006 PRINT "U=OVERFLOW RATE IN FINAL CLARIFIER EXCEEDS 
ALLOWABLE LIMIT" 
30003 PRINT "G=SOLIDS LOADING ON FINAL CLARIFIER MAY BE 
EXCESSIVE" 
30010 PRINT "W=MASS OF SOLIDS LOST IN EFFLUENT EXCEEDS 
PRODUCTION" 
30015 PRINT "N=SRT TOO SHORT FOR NITRIFICATION" 
30020 PR# 0 
30100 HOME : VfAB 10: PRINT " ANALYSIS FINISHED." 
30110 FOR II = 1 TO 3000: NEXT II; PRINT CHRS (7): PRINT 
CnR$ (7); PRINT CHR$ (7): GOTO 100 
59999 END 
